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Bolt preload – “Bolts are often tightened by applying torque to the head or nut, which 
causes the bolt to stretch. The stretching results in bolt tension or preload, which is the 
force that holds a joint together.” (Oberg et al., 2012, p. 1521) 
Torque coefficient – more commonly called nut factor, “used to describe the theoretical 
relationship between torque and preload in mathematical terms.” (Bickford, 2007, Torque 
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The thesis investigated the effects of four factors and their combinations on the torque 
coefficients of the first and second tightening of bolted joints by conducting a general 
full-factorial design with randomized blocks on 20 replications. The experiment involved 
three levels of tightening tool types, two levels of bolt dimensions, two levels of nut 
types, and two levels of plate type. The torque coefficients were calculated indirectly 
through the measuring the torque applied and bolt preload. The response variables 
studied were the mean and the variance between runs of the torque coefficients of the 
first tightening, as well as the ratio between the torque coefficients of the first and second 
tightening. The effects of the four factors and their combinations on the response 
variables were analyzed and reported. All main effects, three of the two-way interactions, 
one three-way interaction, and the four-way interaction were found to have statistically 
significant effects on the torque coefficients of the first tightening. The 24 combinations 
of the factors were found to have significant effects on the variance between runs of the 






CHAPTER 1. INTRODUCTION 
1.1 Introduction 
A bolted joint is a type of fastener that employs bolts and nuts to mechanically 
join two or more joint members together. Manufacturers use bolted joints in many 
industries and applications, including automotive, aerospace, and construction (Bickford, 
2007). The purpose of the bolted joint is to create a desired amount of initial bolt preload 
to prevent separation of the joint members (Oberg, Jones, Horton, & Ryffel, 2012). The 
bolt preload must be high enough to prevent a variety of failure modes, while not 
exceeding the strength limits of the materials (Bickford, 2007). One of the most common 
ways to control bolt preload is by controlling the torque applied to the nut or the head of 
the bolt, also known as the torque control of preload method (Bickford, 2007). Up to 90% 
of the torque applied on the bolted joint is spent on overcoming the thread friction and the 
bearing friction (Bickford, 2007; Oberg et al., 2012). Slight changes in assembly 
conditions, such as rougher surfaces or different lubrication amount, can cause variation 
in the torque coefficient, which is the hypothetical relationship between torque applied 
and bolt preload. Bickford (2007) and Oberg et al. (2012) agree that bolted joint 
designers and assemblers can rarely predict bolt preload accurately. The same torque 
applied on one bolted joint to the next may not produce the same bolt preload. 
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Furthermore, the torque coefficients measured from a prototype joint in a laboratory can 
differ significantly from the torque coefficients on the production line (Bickford, 2007).  
The purpose of the study was to investigate the effects of four factors and their 
combinations on the torque coefficients of bolted joints tightened by conducting a general 
full-factorial experiment. The responses of the experiment were the torque coefficients 
obtained in the first tightening (K1) and the second tightening (K2), which were 
measured indirectly through obtaining the torque applied and bolt preload. The factors 
were tightening tool type, bolt dimension, nut type, and plate type. The torque applied 
was provided by the tightening tool, while the bolt preload was measured by a load cell 
placed between the underhead of the bolt and plate. The experiment involved three 
tightening tool types: direct current electric tool, air pulse tool, and air impact tool 
followed by a beam wrench. More details of the experiment are explained in Chapter 3. 
The thesis includes five chapters, which include the introduction, literature 
review, methodology, data analysis, and conclusion. The introduction chapter explained 
the background, the scope, significance, and the research question that guided this thesis. 
The introduction chapter also provided assumptions, limitations, and delimitations to 
illustrate the constraints of this thesis. Finally, the introduction chapter provided 
explanations to key terms used in this thesis. The literature review chapter provided an 
overview of the literature surrounding bolted joint. The literature review chapter also 
discussed in details the torque control of preload method and the factors that affect the 
torque coefficient. The literature review chapter also discussed the importance and the 
applications of bolted joint in the automotive industry. The methodology chapter included 
the parameters of the experiment, the materials, equipment, procedure, and data analysis. 
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The data analysis chapter provided the statistical analysis of the data collected in the 
experiment. The data analysis chapter also provided interpretation of the analysis results 
to answer the three research questions. The conclusion chapter discussed the conclusions 
from the result interpretation and the researcher’s recommendations for future work. 
 
1.2 Background 
The study originated from a project related to bolted joints, with the Subaru of 
Indiana Automotive (SIA) facility at Lafayette, Indiana. The SIA facility produced three 
different car models in 2015: Subaru Legacy, Subaru Outback, and Toyota Camry (M. 
McCabe, personal communication, September 30, 2015). There were 1519 bolts in the 
Subaru Legacy, and 1584 bolts in the Subaru Outback. The Subaru Legacy and Subaru 
Outback has more than 162 and 167 different bolt part numbers, respectively, where each 
part number represents a different bolt. Each bolt had to be assembled with human 
interaction, regardless of the tightening tool involved (M. McCabe, personal 
communication, November 11, 2015). About 93% of work cells of SIA’s trim and final 
shop, which was responsible for tightening more than 1000 bolts in the Subaru Legacy 
and Subaru Outback, involved bolt tightening (M. McCabe, personal communication, 
November 11, 2015). The aforementioned estimates translated to four or five bolts 
tightened per minute, for every SIA associates (employees) working on the line. 
The project involved the researcher working with SIA process engineers and 
associates to improve the quality control process of bolted joint assembly stations. The 
project involved installing and implementing a new type of torque wrench that allowed 
wireless transmission of torque readings to ensure that the torque readings from a 
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particular station were within specifications. A major concern of the project was that, 
while torque readings were the focus of the quality control requirement, torque readings 
did not necessarily and accurately indicate the quality of the bolted joints themselves. 
Notably, the torque coefficients measured from a laboratory can differ significantly from 
the torque coefficients on the production line (Bickford, 2007). Further investigation of 
the literature on bolted joint assembly and the bolted joint assembly processes at SIA led 
the researcher to investigate the effects of different tool types on the torque coefficient. 
 
1.3 Significance and Problem Statement 
From the project, the researcher realized the necessities to understand the 
behavior of bolted joints and the relationship between different factors involved in bolted 
joint assembly. Key parameters of a bolted joint include the torque applied to the head of 
the bolt or the nut, the bolt preload, and the coefficients of friction. The bolt preload is the 
force that holds the joint together and prevents the components from breaking apart. 
Assembly operations at SIA involve associates producing bolt preload by applying torque 
on the head of the bolt or the nut, also known as torque control of preload. The major 
problem of this method is that the torque applied does not accurately and consistently 
indicate bolt preload, which leads the researcher to conduct further investigations to 
understand the factors involved in the bolted joint assembly process. The relationship 
between the torque applied, the means, and the bolt preload, the goal, is represented by 
the torque coefficient, which can have a 3σ scatter of as much as 30% of the nominal 
value (Bickford, 2007).  
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The most common problems with bolted joints are caused by incorrect bolt 
preload (Bickford, 2007). Bolt Science Limited (2015), a bolted joint technology 
provider, found in a survey that “23% of all [automotive] service problems were traced to 
loose fasteners” and “12% of new cars were found to have fasteners loose”. Common 
bolted joint failure modes include self-loosening, slip, separation, and fatigue (Bickford, 
2007). Such failures result in separation of the joint members, which can lead to bodily 
injuries or deaths if the failure occurs in critical components. 
The researcher seeks to investigate whether the three different tightening tools 
produce different torque coefficients on the bolted joints. The findings of this study will 
provide insights to whether the torque coefficients obtained from laboratory condition 
match the torque coefficients produced on the production line. The findings of this study 
will also provide insights into the effects of three other factors, which are bolt dimension, 
nut coating, and joint member materials, on the torque coefficient of a bolted joint. Better 
understanding of the torque coefficient will lead to more effective bolted joint designs, 
more reliable bolted joint assembly processes, and higher safety of final products.  
 
1.4 Research Question 
The three research questions of the study included: 
1. What are the effects of the factors and their combinations on the torque 
coefficients of the first tightening (K1)? 
2. What are the effects of the factors and their combinations on the variance of K1, 
from one bolt to the next? 
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3. What are the effects of the factors and their combinations on the relationship 
between the torque coefficients of the first tightening (K1) and the torque 
coefficients of the second tightening (K2) of the same bolted joint? 
 
1.5 Scope 
The study focused solely on the torque control of bolt preload method, for three 
reasons. First, other bolt preload control methods are accurate to the point that few 
problems are reported. Second, torque control of bolt preload is the most common bolt 
preload control method used in bolted joint assembly (Bickford, 2007). Third, torque 
control of bolt preload produces a large amount of bolt preload variation, due to many 
different factors. Therefore, the torque control of preload method requires bolted joint 
designers to overdesign to compensate for the variation. The three mentioned reasons 
justified the need for further studying the torque control of bolt preload method. 
Furthermore, the study only focused on the bolt tightening process of bolted joint 
assembly. The study did not take into consideration the bolt preload relaxation effect as 
the product moves down the assembly line. The researcher investigated the effect of the 
factors by conducting a general full-factorial experiment. The study only investigated 24 
bolted joint assembly configurations out of countless configurations used in reality. The 
researcher selected the tightening tool types, bolts, nuts, and plates primarily based on the 






Assumptions of this study included: 
1. The short form torque-tension formula is valid. 
2. Measurement equipment and materials performed as specified. 
3. The bolt preload was equal to the clamp force in the experiment. 
 
1.7 Limitations 
Limitations of this study included: 
1. The researcher was the sole tightening equipment operator of the experiment. 
2. The study measured torque coefficient indirectly by measuring the torque applied 
and the bolt preload. 
3. The study only investigated the torque coefficients produced by the first 
tightening and the second tightening. 
4. The target torque values of the tightening tools were 10 N-m for M6 bolts and 25 
N-m for M8 bolts.  
5. The study only investigated one three-level factor, tightening tool type, and three 
two-level factors, which are bolt dimension, nut type, and plate type. 
6. The study only investigated three tightening tool types: direct-current electric 
tool, air pulse tool, and beam wrench and only one setting, and brand for each tool 
type. Each tool type had two sizes, due to the involvement of two different bolt 
dimensions. 




8. The study only investigated two types of nut: coated flange nut and uncoated weld 
nut. 
9. The study only investigated two types of plates: hot-rolled steel sheet plates and 




Delimitations of this study included: 
1. The study did not consider the bolt preload relaxation effect of the bolted joint. 
2. The study did not investigate the coefficient of bearing friction and the coefficient 
of thread friction. 
 
1.9 Chapter Summary 
The introduction chapter provided an overview to the study, including 
background information, problem statement, significance, research question, and scope of 
the study. Lastly, the introduction chapter also provided the assumptions, limitations, and 
delimitations of the study. The next chapter, Chapter Two, provides an overview of the 








CHAPTER 2. REVIEW OF LITERATURE 
The review of literature chapter provides an overview of the literature 
surrounding bolted joints. The chapter discusses torque control of preload, a tightening 
method used in bolted joint assembly, and the factors that affect the torque coefficient. 
 
2.1 Overview of Literature 
The overview of literature section discusses the basic characteristics, the failure 
modes, the design process, the different bolt preload control methods, and the research 
methodologies in bolted joint studies. The researcher conducted the literature search on 
the Purdue Library website, the American Society of Mechanical Engineer (ASME) 
Digital Collections, and the Society of Automotive Engineers (SAE) Technical Papers 
and Standards. The search terms are “bolted joint assembly”, “bolted connection 
assembly”, and “bolted fastener assembly”. The primary reference of the literature search 
is the book Introduction to the Design and Behavior of Bolted Joints, Fourth Edition 
Non-Gasketed Joints (2007), by John H. Bickford.  
 
2.1.1 Bolted Joint 
A bolted joint is a type of fastener that employs bolts and nuts to mechanically 
join two or more joint members together with the mating of screw threads. Manufacturers 
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use bolted joints to join parts and components, including those in automotive, aerospace, 
and construction industries (Bickford, 2007). There are two types of bolted joints, tensile 
and shear. If the force applied on the bolted joint is parallel to the axes of the bolt, the 
load on the bolt is tensile, and the joint is called a tensile joint (Bickford, 2007). If the 
force applied is perpendicular to the axes of the bolt, the load is shear, and the joint is 
called a shear joint (Bickford, 2007). The distinction between the two types is necessary 
to consider in bolted joint design. The primary purpose of all tensile joints is to create a 
clamping force between the joint members (Oberg et al., 2012). The primary purpose of a 
shear joint is to prevent the joint from slipping (Bickford, 2007). Based on his 
experience, Bickford (2007) believes that the tensile joint is the more commonly used and 
the more sophisticated type of joint. From this point on, the study refers to bolted joints 
as tensile joints. 
The purpose of the bolted joint assembly process is to create a desired amount of 
initial clamping force in the bolted joint (Oberg et al., 2012). The clamping force must be 
high enough to prevent a variety of failure modes, while not exceeding the strength limits 
of the materials (Bickford, 2007). Manufacturers attempt to control the clamping force by 
controlling the bolt preload. Bickford (2007) and Oberg et al. (2012) stress the 
importance of applying the correct amount of bolt preload in order to prevent the 
undesirable failure modes. Applying tension on the bolt, through the process of tightening 
the head of the bolt or the nut, produces the bolt preload, which in turn, produces the 
clamp force. Bolted joint engineers generally treat the clamp force and bolt preload as 
equal, by Newton’s Third Law of Motion, at least during the bolted joint assembly 
process. Ninety percent of the torque applied on the bolted joint is spent on overcoming 
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the friction between the moving part and the joint member, as well as the friction between 
the male and female threads. Bickford (2007) and Oberg et al. (2012) agree that bolted 
joint designers and assemblers can rarely predict bolt preload accurately. There exist two 
equations that explain the relationship between the torque applied and bolt preload. The 
two equations are discussed in more detail on page 18. 
 
2.1.2 Importance of Correct Bolt Preload 
Bickford (2007) states that the most common problems with bolted joints are 
caused by incorrect bolt preload. Bolt Science Limited (2015), a bolted joint technology 
provider, found in a survey that “23% of all [automotive] service problems were traced to 
loose fasteners” and “12% of new cars were found to have fasteners loose”. Such failures 
result in separation of the joint members, which can lead to bodily injuries or deaths if the 
failure occurs in critical components. Other less severe consequences are lower efficiency 
in engines, leaks in pipes, and customer dissatisfaction (Bickford, 2007). 
Excessive bolt preload can cause the bolt to break or the threads to strip 
(Bickford, 2007). Excessive bolt preload can also fracture or warp the joint members. On 
the other hand, insufficient bolt preload reduces performance and fatigue life of the 
bolted joint (Bickford, 2007). Insufficient bolt preload can also cause joint separation in 
tensile joints, as the clamping force is insufficient to keep the joint together when the 
joint is under external load. For shear joint, insufficient bolt preload can cause joint slip, 
which happens because the clamping force helps creating the frictional forces between 
the joint members. Irregular bolt preloads in a group of bolts can warp or damage gaskets 
or joint members (Bickford, 2007). “Non-uniform preload will also mean that only a few 
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of the bolts carry the external loads” (Bickford, 2007). Correct amount of bolt preload 
leads to less overdesigning, fewer and smaller fasteners, and smaller joint members 
(Bickford, 2007). Fewer bolted joints also save assembly costs and reduce lead time. 
There are 4 classes of joint criticality (“Choosing the optimum fastening system”, 2002): 
Class A: Safety-related: failure may lead to catastrophe or bodily injury. 
Examples: wheels, steering gears, and brakes. 
Class B: Reliability-related: failure may result in disability of the equipment. 
Examples: bolted joints in transmissions and engines. 
Class C and D: Customer satisfaction: failure may cause leak, noises, or rattling.  
 
2.1.3 Bolted Joint Design 
Bolted joint design is driven by standards specific to the industry and application 
(Bickford, 2007). For example, bolted joint design in the automotive industry follows 
standards set by the Society of Automotive Engineers (SAE). Bolted joint design 
considerations include dimensions, function, materials, strengths, dimensions, and 
working environment of the bolted joint (Bickford, 2007). Standards concerning bolted 
joints provide detailed and relevant specifications of the bolts and nuts for designers to 
choose from. After selecting the bolts and nuts, designers must specify the range of bolt 
preload and select a bolted joint assembly method, or tightening method (Bickford, 
2007). Bolted joint designers also have to provide the bolted joint assembler 
specifications and tolerances of the process, including but not limited to: bolt and nut 
grades and specifications, range of torque applied, washer specifications, lubrication 
specifications, etc… Bolted joint assemblers must follow specific quality control and 
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assurance procedures to assure that the bolted joints are reliable. To deal with the 
variations associated with bolted joint assembly methods, bolted joint designers typically 
overdesign the bolt to overcome the uncertainties (Bickford, 2007). Bolted joint 
overdesigning is the practice of using more bolts and/or larger bolts than necessary for a 
certain bolted joint. Bickford (2007) states that bolted joint overdesigning is usually less 
expensive than employing a more accurate bolt preload control method. 
 
2.1.4 Methods to Control Bolt Preload  
Selection of the method to control bolt preload depends on bolt preload accuracy, 
cycle time, initial cost, and recurring cost (Bickford, 2007). Torque control of preload is 
the most common and inexpensive method to control bolt preload, but can produce a 3σ 
scatter up to 30% from the nominal bolt preload value. More accurate methods produce 
bolt preload with less variation, but are more costly and inconvenient to implement. 
Bickford (2007) and Oberg et al. (2012) provide and discuss five different bolt preload 
control methods: torque control of preload, torque-angle control of preload, stretch 
control, direct preload control, and bolt tensioner.  
Torque control of preload involves using a torque wrench or a tool that allows 
torque control, such as a torque gun. Torque control of preload is the most common 
tightening method in most industries, offering cheap initial and recurring cost, and low 
cycle time, but poor accuracy, up to 30% variation from the nominal bolt preload value 
(Bickford, 2007). Torque control of preload is the selected tightening method to be 




Torque-angle control involves tightening the bolt or the nut to a precise angle. 
Torque-angle control incurs higher costs than torque control of preload does, but offers 
better accuracy, up to 25% variation. The direct-current (DC) electric tools used by the 
body and trim shop at SIA in 2015 had torque and angle transducers, but only used torque 
control for quality assurance (M. McCabe, personal communication, September 30, 
2015). 
Stretch control involves measuring the elongation of the bolt during the tightening 
process using equipment such as micrometer or ultrasonic sensing (Bickford, 2007). The 
elongation of the bolt can then be used to calculate bolt preload. Stretch control methods 
offers up to 10% variation, but are inconvenient and impractical to implement. Stretch 
control eliminates the need to measure torque applied or angle of turn. Essentially, stretch 
control only concerns the bolt itself, offering tremendous simplification. Compared to 
torque control of preload or torque-angle control of preload, stretch control can measure 
bolt preload long after the initial tightening process (Bickford, 2007). However, stretch 
control with micrometers faces the challenge of irregular bolt surfaces, and requires very 
accurate equipment, in the scale of 0.001 inch. Stretch control with ultrasonic 
measurements is time consuming.  
Direct control preload involves using a bolt preload indicator during the 
tightening process. Examples of direct control preload include strain-gaged bolts and 
strain-gaged force washers, which offer preload variations as low as 1% (Bickford, 
2007). A major disadvantage of this method is that the strain-gaged washer or the strain-
gaged bolt has to be left in the bolted joint after tightening. Bolt tensioner is a method 
that involves stretching the bolt to achieve a precise tension, then running the nut to 
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tightening the bolt. Bolt tensioners are primarily used for bolt with diameters larger than 
20mm, where the torque required to tighten the bolt cannot be achieved by the strength of 
an operator (Bickford, 2007).  
 
2.1.5 Research Methodologies 
The literature search process revealed two main types of research done in bolted 
joint assembly. The first type, called experimental study, involves manipulating variables 
or factors and observing the effects of such manipulations on the torque coefficient 
and/or the frictional coefficients. The second type, called finite element studies, involves 
constructing bolted joint models on finite element simulation software. Some longer 
studies, such as dissertations, involve constructing a bolted joint model and validating 
that model with an experiment. 
Bolted joint assembly experimental studies investigate the effects of manipulating 
variables/factors on the torque coefficient and/or frictional coefficients. The experiments 
involve tightening bolted joints in controlled laboratory environments using fastener 
testing systems with direct control motors, torque control, and angle control. The bolts, 
nuts, and joint members involved are treated to remove impurities that may add variations 
to the experiment results. For example, Nassar et al. (2007) rinsed the bolts, nuts, and 
washers under water and placed the materials into an ultrasonic cleaning unit with 
acetone. Zou, Sun, Nassar, Barber, and Gumul (2006), Nassar and Zaki (2009), Nassar 




Studies that employed fastener testing system include those conducted by Nassar 
et al. (2007); Zou et al. (2006); Nassar and Zaki (2009); and Ganeshmurthy and Nassar 
(2007). The rotary torque sensor measures the torque applied, while the load cell placed 
between the joint members measures the bolt preload. After the bolted joint is tightened, 
the torque applied and the bolt preload is recorded and stored. Additionally, the 
equipment measures the bearing friction torque and the thread torque. From these 
measurements and some given parameters of the bolted joint, experimenters obtain the 
torque coefficient, the bearing coefficient of friction, and the thread coefficient of 
friction.  
Different types of experimental design can include general factorial designs, 
single-factor designs, and two-level factorial designs. Four studies found that very low 
tightening speed produces higher torque coefficient (Nassar et al., 2007; Oliver & Jain, 
2006; Zou et al., 2006; Jiang, Zhang, & Park, 2002). Whether or not lubrication is present 
also affects the torque coefficient and frictional coefficients (Nassar et al., 2007; Zou et 
al., 2006). Coating type and thickness is another factor that affects frictional properties 
(Nassar and Zaki, 2009). Higher surface roughness produces lower torque coefficient in 
general, but higher variation of the torque coefficient (Nassar and Sun, 2006). Repeated 
tightening and loosening, called tightening sequence in this thesis, also has significant 
effects on the torque coefficient (Nassar et al., 2007).  Many factors are known to interact 
with each other. Zou et al. (2006) found interaction effects between tightening speed, 
tightening sequence and lubrication. The findings of Nassar et al. (2007) imply that 
tightening speed and tightening sequence interact with each other. These factors are 
explained in more details in section 2.3, page 22. 
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Finite element studies in bolted joint assembly involve modeling bolted joints on 
simulation software. Finite element simulation allows researchers to investigate 
parameters that cannot be measured due to technical limitations, such as thermal effects 
(Zhu, Guessous, & Barber, 2011; Guessous, Barber, Zou, & Nassar, 2008) and detailed 
frictional effects (Fukuoka & Takaki, 1998). Potential problems with bolted joint 
assembly processes can be found at the design stage (Hwang, 2013). Finite element 
simulation can also provide detailed wear patterns and areas (Benhamena, Talha, 
Benseddiq, Amrouche, Mesmacque, & Benguediab, 2010).  
 
2.2 Torque Control of Preload 
The torque control of preload and torque coefficient section discusses the bolted 
joint assembly process in the automotive industry that employs torque control of preload. 
This section also discusses two equations that explain the relationship between the torque 
applied and bolt preload. 
Torque control of preload is the process of applying bolt preload by tightening the 
head of the bolt or the nut, mostly by using a torque wrench. Bickford (2007) and Oberg 
et al. (2012) agree that torque control of preload is the most well-known, the most 
commonly used, and, usually, the least expensive method of applying bolt preload. 
Despite the lack of accuracy when using torque to indicate bolt preload, torque control of 
preload produces results acceptable for many assembly processes that require control of 
bolt preload. 
The torque control of preload method controls the bolt preload by controlling the 
torque applied. Bickford (2007) and Oberg et al. (2012) present a widely-used short form 
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formula, illustrated in Equation 2.1, that represents the relationship between bolt preload 
and torque applied. 
 Tin = FP × K × D (Equation 2.1) 
- Tin is the torque applied to the head of the bolt or the nut (lb-in, N-m), can 
be directly measured using a beam wrench 
- FP is the bolt preload (lb, N), can be directly measured by placing a load 
cell between the joint members 
- K is the torque coefficient (dimensionless), more commonly called the nut 
factor, must be indirectly measured using Equation 2.1. 
- D is the bolt nominal diameter (in, mm), given 
Additionally, Oberg et al. (2012) provides the long form formula that includes the 
bolt preload, torque applied, coefficient of bearing friction, and coefficient of thread 








′ + 𝜇𝑤𝐷𝑤) (Equation 2.2) 
- P is the screw thread pitch, given 
- μs is the coefficient of thread friction, must be indirectly measured 
- d2 is the pitch diameter of the external thread, given 
- α’ is the flank angle, given 
- μw is the coefficient of bearing friction, must be indirectly measured 
- Dw is the diameter of the friction torque bearing surface, given 







 represents the component of the reaction torque that stretches the bolt 
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′ is the thread friction component 
of the reaction torque (Bickford, 2007). The third component 
𝐹𝑝
2
𝜇𝑤𝐷𝑤 is the bearing 
friction component of the reaction torque (Bickford, 2007). Generally, the bearing 
friction component makes up about 50% of the total torque, the thread friction component 
makes up about 40%, and the bolt stretch component is about 10% (Bickford, 2007; 
Oberg et al., 2012). Bickford (2007) states that lubricant providers and test laboratories 
are more interested in frictional coefficients than in torque coefficients. Because the 
researcher did not have access to a fastener testing system, the researcher chose to focus 
on the torque coefficient, rather than the frictional coefficients. 
The torque-tension relationship becomes non-linear as the bolt starts to yield, 
which is not investigated in the torque control of preload method. From one bolt to the 
next bolt of the same lot, while the nominal diameter is the same, the torque coefficient 
varies greatly (Bickford, 2007; Oberg et al., 2012). If the torque applied is the same from 
one bolt to the next, the torque coefficient may vary greatly, as much as 30% from the 
nominal bolt preload value for this tightening method. There are many factors, such as 
lubrication, coating, and tightening speed, that influence the coefficients of friction or the 
torque coefficient, some of which are significant and difficult to quantify (Bickford, 
2007; Oberg et al., 2012; Bolt Science, 2015). 
The torque control of preload and torque coefficient section discussed the bolted 
joint assembly process in the automotive industry that employs torque control of preload. 
The section also discussed the two equations that explain the relationship between the 
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torque applied and bolt preload. The next section and its subsections discuss each factor 
in details. 
 
2.3 Factors that Affect the Torque Coefficient 
The majority of bolted joint assembly processes do not control bolt preload 
directly (Bickford, 2007). Bolted joint assemblers, however, can use tightening 
equipment with torque control, such as torque wrenches and DC tools, to control bolt 
preload. Therefore, it is important to know and control the torque coefficient, particularly 
the arithmetic mean and the standard deviation of the torque coefficient. Lower torque 
coefficient means a lower torque is required to achieve the same bolt preload, which 
means less effort is required to tighten the bolt. Air-powered and electric-powered torque 
tools that provide higher torque values are typically more expensive and consume more 
power. Larger torque wrenches require more efforts from the operators. Lower standard 
deviation of the torque coefficient means lower scatter of bolt preload given a same 
torque, increasing the reliability of the bolted joints assembled. 
There are many factors that influence the torque coefficient, some of which are 
significant and difficult to quantify (Bickford, 2007; Oberg et al., 2012; Bolt Science, 
2015). Bickford (2007) states that there are from 30 to 40 possible factors, whose effects 
have not been quantified. Section 2.3 discusses the factors of tightening speed, tightening 
sequence, type of tools used, lubrication, coating, and washers, as well as the studies 
done to investigate their effects. Additionally, this section identifies the gap of knowledge 




2.3.1 Material and Dimensions of the Bolt and Nut 
One factor that affects the torque coefficient is the materials, bearing surface 
dimensions, and thread dimensions of the bolts and nuts. The types, dimensions, and 
materials of bolts and nuts are specified during the bolted joint design process (Bickford, 
2007). Generally, automotive manufacturers follow strict quality control and assurance 
policies to ensure that bolts and nuts come from the same suppliers, and even from the 
same batches. 
Bolt manufacturers can readily obtain torque coefficient statistics, including the 
mean and standard deviation of the torque coefficient, using laboratory equipment. 
Examination of Equation 2.2 reveals that any changes in material, diameter, and thread 
pitch of the bolt lead to changes in the torque coefficient.  
Bolt materials refer to the material of both the bolt and nut used the bolted joint, 
but not necessarily the material of the washer. Bolt materials used in experimental studies 
in bolted joint include class 8.8 steel (Nassar et al., 2005; Nassar et al, 2007; Nassar & 
Sun, 2006; Nassar & Veeram, 2006; Zou et al., 2007), class 10.9 steel (Ganeshmurthy & 
Nassar, 2007; Nassar et al., 2005; Nassar & Zaki, 2009; Oliver & Jain, 2006), and ASTM 
B7 and ASTM B8M (Brown, Arnaud Evrard, & Reeves, 2007) . Some studies, including 
those conducted by Nassar et al. (2005) and Brown et al. (2007), investigated the effects 
of different bolt materials on torque coefficients. Nassar et al. (2005) reported average 
coefficient of thread friction of class 8.8 steel at 0.145 and of class 10.9 steel at 0.235, but 
did not report torque coefficients for the same study. Brown et al. (2007) reported 
average torque coefficient of ASTM B7 at 0.167 and ASTM B8M at 0.235. Other studies 
investigated by the literature used the same bolt material throughout the study. From the 
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findings of Brown et al. (2007), the researcher concludes that different bolt material may 
shift torque coefficient as much as +/- 40% of the expected value. 
Bolt diameter refers to the thread diameter of the bolt, nut and washer of the 
bolted joint. Thread pitch refers to the thread pitch of the bolt and the nut. Thread pitch 
can be represented as a numerical value, such as 1.5 mm and 1.75 mm, or as a category, 
such as coarse thread and fine thread. Thread pitches go together with bolt diameters, as 
in M10 coarse, M12 fine, or M12 x 1.75 (coarse), M12 x 1.25 (fine). Table 2.1 provides 
information about bolt diameters and thread pitches used in experimental studies in 
bolted joints with average torque coefficient (K) found with each bolt diameter and 




Table 2.1.  
Bolt Dimensions and Torque Coefficients from Literature Review. 
  Data (K refers to torque coefficient) Author(s) and notes 
Dimensions 3/4"-10 1"-8 1 1/8"-8 1 1/4"-8 
Brown et al. (2007) 
Average K 0.175 0.196 0.179 0.187 
Dimensions 1 1/2"-8 1 3/4"-8 2"-8 
 
Average K 0.208 0.161 0.221 
 
      
Dimensions 1/2" 5/8" 3/4" 




Average K 0.194 0.205 0.216 
 
Dimensions 7/8" 1" 1 1/8" 
 
Average K 0.228 0.24 0.253 
 
      
Dimensions M8x1 M8x1.25 M12x1.25 M12x1.75 
Nassar et al. (2005) 
Average thread coefficient 0.17 0.2225 0.15 0.1425 
      
Dimensions M8x1.25 M12x1.75 
  Nassar et al. (2007) 
Average K 0.156 0.156 
  
      
Dimensions M12x1.25 M12x1.75 
  Nassar and Sun (2006) 
Average K 0.1828 0.1813 
  
      
Dimensions M8x1.25 M10x1.5 M12x1.75 
 
Nassar and Veeram 
(2006), ultrasonic 
study, K not relevant 
Average K Not reported 
   
      
Dimensions M12x1.25 M12x1.75 
  Nassar and Zaki (2009) 
Average K 0.1415 0.1325 
  
      
Dimensions M10x1.5 
   Oliver and Jain (2006) 
Average K 0.113 
   
      
Dimensions 7/16" 1/2" 
  
Wallace (2008), thread 
dimensions not 
provided 
Average K 0.146 0.169 
  
      
Dimensions M12x1.25 M12x1.75 
  
Zou et al. (2007), 
approximate, lack of 
numerical results 
Average K 0.1478 0.1572     
 
The average values listed in table 2.1 was created by the researcher from the 
studies listed in the column Authors(s) and notes. All of the studies listed in table 2.1 
follow either a two-level factorial design or a general factorial design. For example, the 
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study done by Nassar et al. (2007) found that whether the bolt was M8x1.25 or M12x1.75 
did not change the torque coefficient. The researcher provided estimates for the average 
K in the study done by Zou et al. (2007) because the study presented results in charts. 
Another exception is the ultrasonic testing study done by Nassar and Veeram (2006), 
which covers another method for controlling bolt preload and does not involve torque 
coefficient. Because each study listed in table 2.1 had different experimental settings and 
investigated other variables besides bolt dimension, the researcher did not compare 
torque coefficients of different bolt diameters and thread pitches across studies. From 
table 2.1, the researcher concluded that different bolt diameters may shift the torque 
coefficients as little as 0%, and as much as +/- 18%. Also from table 2.1, the researcher 
concluded that different thread pitches may shift the torque coefficients as little as 0% 
and as much as +/- 7%. The literature search did not reveal any study that considered bolt 
length as a factor that affects the torque coefficients. 
Based on the types of bolts and nuts readily available at SIA in November 2015, 
the researcher chose to investigate the difference in torque coefficients between the 
M6x1.0 flange bolts and M8x1.25 flange bolts. 
 
2.3.2 Tightening Speed, Tightening Sequence, and Multi-stage Tightening 
Tightening speed is how fast the head of the bolt or the nut is tightened, measured 
in revolutions per minute (RPM). The first tightening sequence means the bolt is fully 
tightened for the first time. The second tightening sequence means that the bolt is fully 
untightened, then tightened again. Table 2.1 presents average torque coefficient (K) of 
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the first tightening at different tightening speeds used in experimental studies in bolted 
joints. 
Table 2.2  
Tightening Speed and Torque Coefficient with First Tightening. 
  Data (K refers to torque coefficient) Author(s) and notes 
Speed (RPM) 1 10 20 30 
Nassar et al. (2007), first 
study, approximate, lack of 
numerical results 
Average K 0.182 0.163 0.157 0.167 
Speed (RPM) 40 50 100 150 
Average K 0.165 0.165 0.158 0.158 
      
Speed (RPM) 10 150 
  
Nassar et al. (2007), second 
study Average K 0.151 0.161 
  
      
Speed (RPM) 25 50 100 150 
Oliver and Jain (2006), 
approximate, lack of numerical 
results 
Average K 0.125 0.117 0.116 0.114 
     
Speed (RPM) 200 300 400 500 
Average K 0.112 0.109 0.109 0.107 
      
Speed (RPM) 1 5 20 40 
Zou et al. (2007), approximate, 
lack of numerical results 
Average K 0.145 0.148 0.15 0.15 
     
Speed (RPM) 60 80 100 
 
Average K 0.151 0.149 0.148   
 
The average values listed in table 2.2 was created by the researcher from the 
studies listed in the column Authors(s) and notes. All of the studies listed in table 2.2 
follow either a two-level factorial design or a general factorial design. The researcher 
could only provide estimate of the average K in the first study of Nassar et al. (2007), the 
study of Oliver and Jain (2006), and the study of Zou et al. (2007) because the authors 
provided results in charts. Because each study listed in table 2.2 had different 
experimental settings and investigated other variables besides tightening speed, such as 
lubrication and bolt dimensions, the researcher did not compare torque coefficients of 
different tightening speed across studies. From table 2.2, the researcher concluded that 
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different tightening speeds may shift the torque coefficients as little as +/1% and as much 
as +/- 17%. The researcher also notes that higher shifts in the torque coefficients occur 
with larger differences in tightening speed, as in the case between 1 RPM and 10 RPM of 
the first study done by Nassar et al. (2007), and in the case between 25 RPM and 700 
RPM in the study done by Oliver and Jain (2006). 
Nassar et al. (2007) and Zou et al. (2007) both conducted general factorial studies 
on tightening sequence and tightening speed. The first study of Nassar et al. (2007) is a 
general factorial study that investigated tightening speed from 1 RPM to 150 RPM and 
tightening sequence from 1 to 5 with lubricated plain bolts, unlubricated zinc-coated 
bolts, and lubricated zinc-coated bolts, all with the same bolt materials and dimensions. 
The second study of Nassar et al. (2007) is a two-level factorial study that investigated 
tightening speed of 10 RPM vs 150 RPM and tightening sequence 1 vs 5 with two 
different coating types, two different washer coating types, and two different bolt sizes. 
The study of Zou et al. (2007) is a general factorial study that investigated tightening 
speed from 1 RPM to 100 RPM and tightening sequence from 1 to 5 with the same bolt 
diameter but two different thread pitches, and nine different lubricants. From this study, 
the researcher noted that, at 1 RPM, torque coefficient increases by as much as 50% from 
first to second tightening, which means bolt preload drops as much as 33% with the same 
torque applied. At higher tightening speeds, torque coefficients still increase with 
subsequence tightening. Nassar et al. (2007) explained that, for unlubricated bolts, 
repeated tightening at lower speed produced significant heat, which damaged the bearing 
surface and altered the bearing friction coefficient. Nassar et al. (2007) presented that the 
torque coefficients decreased with subsequent tightening, but only as much as 5%. From 
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the findings of Nassar et al. (2007) and Zou et al. (2007), the researcher noted that the 
factor of tightening speed may interact with the factor of lubrication. 
Multi-stage tightening involves tightening at more than two stages with increasing 
torque applied, possibly with different tightening speed. Multi-stage tightening is 
different from multiple tightening sequences in that the former does not involve 
untightening the bolt. Ganeshmurthy and Nassar (2007) conducted an experimental study 
on two-stage tightening at 17 different combinations of torque values and tightening 
speed. The first stage set the torque applied at 60 Nm and the second stage set the torque 





Table 2.3.  
Summary of Torque Coefficients at Different Two-stage Tightening Combinations from 










torque = 100 
N-m 
Stage 1 torque 
coefficient K1 





1 150 1 0.188 0.26 38.30% 
2 150 10 0.199 0.248 24.62% 
3 150 30 0.214 0.24 12.15% 
4 150 50 0.21 0.231 10.00% 
5 150 70 0.213 0.221 3.76% 
6 150 90 0.194 0.217 11.86% 
7 150 110 0.205 0.217 5.85% 
8 150 130 0.223 0.221 -0.90% 
9 150 150 0.206 0.211 2.43% 
10 1 1 0.377 0.403 6.90% 
11 10 1 0.297 0.354 19.19% 
12 30 1 0.255 0.329 29.02% 
13 50 1 0.226 0.302 33.63% 
14 70 1 0.214 0.285 33.18% 
15 90 1 0.214 0.288 34.58% 
16 110 1 0.209 0.286 36.84% 
17 130 1 0.207 0.275 32.85% 
 
From table 2.3, the researcher noted a wide range of stage 2 torque coefficients, 
from 0.211 to 0.403 across combinations, which translates to a reduction of bolt preload 
by a half, for the same torque applied. The researcher also noted that there is an increase 
in torque coefficient, as much as 38%, from stage 1 to stage 2 in almost every 
combination. These findings of Ganeshmurthy and Nassar (2007) led the researcher to 
suspect the torque coefficients obtained from laboratory conditions may differ 
significantly from the torque coefficients obtained on the production line. 
Process engineer Michael McCabe estimated second tightening to happen less 
than 0.5% of the time in the SIA body and trim shop (personal communication, 
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November 11, 2015). The researcher investigated tightening sequence because failure to 
install bolts the first time indeed happen in bolted joint assembly operations. Supposing 
the first attempt at tightening fails, the operator untightens the bolt and uses a new one. 
Even though the operator is using a new bolt, the surface of the joint member is already 
damaged from the first tightening due to the friction caused by the rotation of the bolt. 
Furthermore, while it is cheap to use a new bolt and nut, which typically less than a cent 
each for a non-engine bolt in a car (M. McCabe, personal communication, September 30, 
2015), it is usually not possible to change the more expensive joint members. The 
researcher also investigated the factors of tightening speed and multi-stage tightening. 
Tightening tools used in the automotive industry, with the exception of DC electric tool, 
do not provide constant tightening speed. Other tools, such as impact wrenches, provide 
inconsistent torque value, and operators have to tighten bolted joints to the final torque 
values, which is similar to multi-stage tightening. 
 
2.3.3 Types of Tool Used 
Tightening tools play an important role in the scatter of the bolt preload and the 
torque coefficient (Bickford, 2007). Tightening equipment that controls torque has error 
of its own. The type of tool used and how it is used affect torque coefficient (Oberg et al., 
2012). Bickford (2007) states that there are many different types of tightening tools for 
industrial use. Selection of tightening tool is generally driven by torque range, power 
supply, tool maintenance, joint hardness, tool overshoot, and torque accuracy required 
(Bickford, 2007).  
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Manual torque wrenches can create torques up to 500 lb-ft, or 677.9 N-m, but are 
generally limited to 20 lb-ft, or 27.1 N-m, due to human physical limitations (“Choosing 
the optimum fastening system”, 2002). Automotive bolted joint assemblers commonly 
use click wrenches because click wrenches provide audible click noises when the preset 
torque values are reached. Click wrenches guarantee that the minimum torque is reached. 
Beam wrenches provide torque indicator as the bolt is tightened. Bolted joint assemblers 
use beam wrenches primarily for joint inspection, as the torque indicator may not be 
convenient for the operator to follow. Torque wrenches require periodic calibration to 
produce accurate torque values. Scatter of torque produced by torque wrenches can be as 
low as +/- 2% of the shown torque value (Bickford, 2007). One downside of the torque 
wrench is that it cannot tighten a bolt as quickly as electric-powered or air-powered tools 
do. Modern bolted joint assembly processes in a production line typical involve operators 
pre-tighten bolts with impact wrenches, pulse tools, or nut runners, then tighten the bolts 
with a torque wrench. 
Nut runners are fast air-powered or electric-powered tools, used to tighten bolts 
having diameters from ¼ in. to ½ in. (Bickford, 2007). Electric-powered nut runners, also 
called direct-current (DC) tools, are equipped with torque and angle transducers 
(Wallace, 2008). The DC tool also has a controller that captures and reports torque values 
to the operator. Although highly accurate, DC tools are typically used for critical bolted 
joint assembly processes, due to their high costs and low durability (Wallace, 2008). Both 
air-powered nut runners and DC electric tools are continuous-drive, producing near 
constant tightening speed, with no pause. DC electric tools are also used in laboratories to 
test for torque coefficient values. One downside of DC electric tools is that they generate 
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reaction torques to the operator. For example, if a DC electric tool is set at 50 N-m, and 
the end of each tightening, the tool will generate a reaction torque of 50 N-m to the 
operator’s arms. The reaction torques limit the applications of DC tools at higher torque 
values, where the DC tools must be securely fixed to prevent physical damages to the 
operators. 
Impact wrenches and pulse tools are discontinuous-drive tools, which apply 
torque in increments, unlike DC electric tools (Sprovieri, 2008). An impact wrench 
applies torque through its tiny hammers. Impact wrenches are highly noisy, around 98 dB 
sound level, and inaccurate, producing torque scatter from +/- 20% to +/- 40% of the 
nominal value (Bickford, 2007). Pulse tools, on the other hand, apply torque to bolts 
through rapid series of pulses, producing less noise, around 80 dB. Impact wrenches and 
pulse tools are less expensive than DC electric tools, but do not produce consistent torque 
values (Wallace, 2008). Therefore, bolted joint assemblers employ air pulse tools and 
impact wrenches to tighten the bolts to a lower torque value and have operators tighten 
the bolts using a torque wrench at the final torque value. Also unlike DC electric tools, 
pulse tools and impact wrenches generate much lower reaction torques to the operators, 
thus are preferred for applications requiring higher torque but lower accuracy.  
Nassar et al. (2008), Ganeshmurthy and Nassar (2007), Zou et al. (2007) found 
significant change in torque coefficient at different tightening speed and tightening 
stages. Based on a thorough review of the literature, the researcher suspects that the 
torque coefficient may differ significantly between using DC electric tools and using air-
powered tools with torque wrenches. The researcher also suspected the torque 
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coefficients obtained from laboratory settings may differ significantly from the torque 
coefficients obtained using air-powered tools. 
 
2.3.4 Lubrication, Coating, and Washers 
Lubrication is another factor that may affect torque coefficient (Bickford, 2007; 
Oberg et al., 2012). Bolted joint assemblers apply lubricants to the thread and the bearing 
surface of the bolt before the bolt is tightened. Bickford (2007) states that lubrication 
reduces both the average and the scatter of the torque coefficients. Essentially, lubrication 
decreases the coefficients of friction in bolted joints. Lubricants fill the gap between the 
male and female threads, helping to prevent contact between the threads, thus help 
preventing seizing or galling. Bickford and Nassar (1998) classified three different types 
of lubricants used for bolted joints: oil-based liquid lubricants, paste lubricants, and dry 
film lubricants. Zou et al. (2007) conducted an experimental, general factorial study, in 
which they investigated three types of oil, three types of grease, and three types of solid 
film lubricants. The study of Zou et al. (2007) investigated tightening sequence from 1 to 
5, at 7 different tightening speeds from 1 RPM to 100 RPM, and with two different thread 
pitches. Table 2.4 presents estimates of average torque coefficient (K) produced by the 
first tightening with different lubricants, different thread pitches, at different tightening 




Table 2.4.  
Summary of Torque Coefficients with Different Lubricants, Tightening Speeds, and 
Thread Pitches, at First Tightening, Summarized from Zou et al. (2007). 
  
Lubricant 



















Olefinic Solid Lubricant 0.109 0.116 0.115 0.119 0.12 0.12 0.121 
Olefinic with PTFE Solid 
Lubricant 
0.105 0.114 0.115 0.115 0.116 0.117 0.117 
Olefinic with Molybdenum 
Disulfide Solid Lubricant 
0.105 0.115 0.115 0.115 0.116 0.117 0.118 
Copper Grease 0.138 0.139 0.141 0.141 0.15 0.15 0.152 
Nickel Grease 0.128 0.14 0.14 0.14 0.142 0.14 0.142 
Heavy Metal-Free Grease 0.127 0.14 0.14 0.15 0.15 0.16 0.15 
Low Viscosity Oil 0.2 0.187 0.185 0.185 0.185 0.175 0.175 
Medium Viscosity Oil 0.185 0.192 0.189 0.187 0.187 0.18 0.18 
High Viscosity Oil 0.185 0.182 0.18 0.175 0.17 0.165 0.162 




Olefinic Solid Lubricant 0.105 0.118 0.12 0.12 0.12 0.12 0.12 
Olefinic with PTFE Solid 
Lubricant 
0.11 0.115 0.12 0.12 0.12 0.118 0.12 
Olefinic with Molybdenum 
Disulfide Solid Lubricant 
0.11 0.115 0.12 0.12 0.12 0.12 0.12 
Copper Grease 0.145 0.145 0.167 0.17 0.17 0.167 0.165 
Nickel Grease 0.148 0.15 0.15 0.165 0.165 0.162 0.162 
Heavy Metal-Free Grease 0.14 0.14 0.16 0.16 0.163 0.165 0.16 
Low Viscosity Oil 0.2 0.19 0.18 0.17 0.17 0.17 0.17 
Medium Viscosity Oil 0.188 0.187 0.182 0.175 0.18 0.175 0.17 
High Viscosity Oil 0.175 0.18 0.172 0.168 0.165 0.162 0.16 
 
Because Zou et al. (2007) presented their findings in charts, without numeric 
results, the researcher could only make estimates for average torque coefficient in table 
2.4. From table 2.4, the average of torque coefficients across all tightening speed, 
grouped by lubricant, range from 0.116 to 0.183, a difference of 57%. The lowest torque 
coefficients were observed by runs with olefinic solid lubricants, with the average of 
0.116. Run with grease lubricants produced torque coefficients around 0.15. The highest 
torque coefficients were observed in runs with oil lubricants, averaging at 0.179. Within 
each type, the torque coefficients did not vary more than 4% from the type average torque 
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coefficient. Referencing tightening sequence, runs with olefinic solid lubricants had 
higher torque coefficients for subsequent tightening, from 3% to 5% for each higher 
tightening sequence. Runs with grease lubricants also had higher torque coefficients for 
subsequent tightening, from 2% to 7% for each higher tightening sequence. However, 
runs with oil lubricants had lower torque coefficients for subsequent tightening, from 1% 
to 3%. 
Coating material and coating thickness is another factor that affect torque 
coefficient (Bickford, 2007). Coating is applied to bolts, nuts, and washers during the 
manufacturing process. Some coating materials include plain (uncoated), zinc, chrome, 
cadmium, galvanized, phosphate. Coating thickness varies from as low as 3 micrometers 
to as much as 50 micrometers (“Finishes and coatings”, n.d.). Coating provides protection 
against corrosion for the bolts and nuts. Coating on the bearing surface becomes the 
surface of contact with the joint member, regardless of the bolt or nut materials, if the 
bolt is tightened for the first time. Subsequent tightening and loosening produce some 
amount of wear on the coating, which may alter the torque coefficient to some extent. 
Nassar and Zaki (2009) conducted an experimental study to investigate the effects of thin 
zinc-coating versus thick zinc-coating on the torque coefficients and frictional 
coefficients. However, the study did not explore the difference between uncoated bolts 
and coated bolts, as well as different coating materials. Nassar and Zaki (2009) found that 
the torque coefficients of fine thread bolts with thin coating were 6.5% higher than the 
torque coefficients of fine thread bolts with thick coating. Nassar and Zaki (2009) also 
found that, compared to bolts with thin coating, bolts with thick coating had 3 to 4 times 
larger scatter of torque coefficients. 
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The use of washers is another factor that may affect torque coefficient (Bickford, 
2007; Oberg et al., 2012; Khashaba, Sallam, Al-Shorbagy, & Seif, 2006). Manufacturers 
use flat washers in bolted joint assembly to distribute the pressure of the bearing surface 
evenly. Other types of washers, such as lock washers, reduce vibration in bolted joints 
and help prevent self-loosening. Cooper and Heartwell (2011) conducted a general 
factorial experiment that investigated the effects of washer on the torque coefficients. 
Cooper and Heartwell (2011) reported that bolted joints with washers had torque 
coefficients averaging at 0.1996, and bolted joints without washers had torque 
coefficients averaging at 0.2454, a difference of 22.96%. Their findings also indicated 
that bolted joints with washers had a 33% smaller scatter of torque coefficients. 
 
2.4 Comparison between Experimental Studies and Industry Applications 
During the literature review, the researcher noted that experimental studies in 
bolted joints involved bolt tightening under controlled laboratory conditions. Bolts, nuts, 
and washers are cleaned in ultrasonic cleaning units, typically with acetone, then left to 
dry under room temperature. However, the majority of bolts, nuts, and joint members in 
an automotive production line do not receive the same treatment (M. McCabe, September 
30, 2015). Transportation and material handling add various impurities, such as oil, dirt, 
and chips, to the bearing surfaces and threads of bolts and nuts, as well as the surfaces of 
the joint members. These impurities would affect the frictional properties during the 
bolted joint tightening process, to an unknown degree. 
Another difference between experimental studies and industry applications is the 
tightening tool. The researcher assumed that experimental studies, aimed to be published 
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as journal articles, would have measuring instruments of higher degrees of accuracy and 
repeatability than those used in industrial applications. Understandably, authors of 
experimental studies would have their measuring instruments calibrated before 
conducting their experiments, in order to obtain accurate results. Bolted joint assemblers, 
on the other hand, calibrate tightening tools in a schedule basis. Tightening tools in 
factory conditions are also subjected to impacts and mishandling, and such tools are 
typically repaired and reused if possible (M. McCabe, October 15, 2015).   
 
2.5 Chapter Summary 
Table 2.5 summarizes the findings of the literature search. 
Table 2.5.  
Synthesis of Literature Search. 
Factor 




Total possible levels 
Bolt material 2 
Grade 8.8, Grade 
10.9 
More than 500,000 fastener standards 
(Bickford, 2007) 
Bolt diameter 9 M8, M10, M12 




1 RPM, 10 RPM, 
150 RPM 
From 1 RPM to more than 700 RPM 
Tightening 
sequence 
3 1 to 5 1 to 5, higher seems improbable 
Multi-stage 
tightening 
1 Only two 1 to 5, higher seems improbable 
Tool type None None 
Beam wrench, click wrench, DC electric tool, 
air pulse tool, impact wrench 









Many different types of washers 
 
Table 2.5 lists the factors identified in the literature search to have possible effects 
on the torque coefficients with the number of studies done to investigate the different 
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levels of the factors. Table 2.5 also lists the most common levels studied in the literature 
on bolted joints. Table 2.5 serves as a summary of the literature search for the researcher, 
and guides the researcher in developing the methodology and framework of the study. 
The review of literature chapter provided an overview of the current information 
surrounding bolted joint, from 2002 to 2015.  The overview section discussed the 
fundamental characteristics of a bolted joint, the failure modes, the design process, and 
the different bolt preload control methods. The chapter also discussed torque control of 
preload, a tightening method used in bolted joint assembly. The torque control of preload 
section discussed the equations explaining the relationship between torque applied and 
bolt preload. The chapter also discussed the factors that affect the torque coefficient. The 








CHAPTER 3. RESEARCH METHODOLOGY 
3.1.    Overview of Methodology 
The three research questions of the study included: 
1. What are the effects of the factors and their combinations on the torque 
coefficients of the first tightening (K1)? 
2. What are the effects of the factors and their combinations on the variance of K1, 
from one bolt to the next? 
3. What are the effects of the factors and their combinations on the relationship 
between the torque coefficients of the first tightening (K1) and the torque 
coefficients of the second tightening (K2) of the same bolted joint? 
The selected critical alpha is 0.05. The researcher, in consultation with the 
advising committee and the Purdue statistical consulting service, decided that a single-
factor experiment was insufficient to determine the effects of the factors and their 
combinations on K1 and K2. The literature search on bolted joint assembly revealed that 
some factors affect the torque coefficients, or change the distribution of the torque 
coefficients, significantly. The literature search also revealed that some factors may 
interact with each other. The researcher concluded that a randomized block general full-
factorial design was appropriate to address the three research questions. The study 
determined four factors to investigate: tightening tool type, bolt dimension, nut type, and 
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plate type. Other factors, such as the materials of the bolts and nuts, were kept constant 
throughout the experiment.  
The researcher conducted a general full-factorial experiment with one three-level 
factor and three two-level factors, with 20 randomized blocks on replications. This 
amounted to 480 total runs. Bickford (2007) and Oberg et al. (2012) state that torque 
control of preload produces torque coefficients with a scatter (or 3σ) of up to 30% from 
the nominal value, from one run to the next. Conducting 20 replications, standard 
deviation of 10%, and alpha level of 0.05, this experiment can detect a difference of 
3.14% at power level of 0.8, which is illustrated in figure 3.1. 
 
Figure 3.1. Power Curve for 2-level Factorial design. 
 
Given that experimental studies in bolted joint assembly, such as studies done by 
Oliver and Jain (2006), Zou et al. (2007), and Sun (2008), only involved three to five 
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replications per run, the amount of replication chosen by the researcher was sufficient. 
The experiment consisted of 20 sessions of one hour each, to be done in two days. There 
was a 5-minute break between each session. Eight sessions were conducted in the first 
experiment day, November 12, 2015. The remaining 12 sessions were conducted in the 
second experiment day, November 13, 2015.  
Prior to the experiment, the researcher received training in bolted joint assembly 
from SIA on October 12, 2015, under the supervision of SIA training supervisor Clayton 
Groves. The training included identification and handling of M6 and M8 bolts and nuts. 
The training also included operation of the tightening tools, including the beam wrench, 
DC electric tool, air pulse tool, and impact wrench. The training with SIA provided the 
researcher familiarity with the experiment, which in turns reduced errors to the 
experiment and added validity as well as credibility to the study.  The researcher also 
noted that the bolted joint training mainly focused on fast and efficient bolted joint 
assembly on the production line. New SIA associates spend around two weeks of training 
in the training room, and roughly 40 hours in total in bolted joint assembly training (C. 
Groves, personal communication, October 12, 2015).  
The researcher also consulted the Purdue Statistical Consulting Service for advice 
and feedback on the design of this experiment, the statistical software Minitab 17, and the 
data analysis. The statistics consultant assigned to the researcher was Ms. Yunfan Li. The 
initial statistical consulting meeting was on September 30, 2015, attended by the 
researcher and the major professor, Dr. Duane Dunlap. The initial meeting was with Ms. 
Yunfan Li and Dr. Thomas Kuczek of the Purdue Statistical Consulting Service. The 
initial meeting covered the subjects of the responses, factors, and design of experiment. 
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The second statistical consulting meeting was on October 26, 2015, attended by the 
researcher and Ms. Yunfan Li. The second meeting discussed the updated design of 
experiment. The third statistical consulting meeting was on November 24, 2015, also 
attended by the researcher and Ms. Yunfan Li. The third meeting covered the analysis of 
the data collected and interpretation of the statistical tests to answer the three research 
questions. Throughout the study, the researcher also worked with one of the professor on 
his committee, Dr. Mary Johnson, who had extensive knowledge and experience in 
designing, conducting, and analyzing experiments. 
The researcher expected that the monotonous and repetitive nature of this 
experiment could distract him and reduce the accuracy of conducting the runs and 
recording data. Furthermore, conducting the runs and recording the experiment at the 
same time could decrease the consistency of the experiment and lengthen the time for 
each run from one minute to up to two minutes. To ensure the consistency, accuracy, and 
timeliness of the experiment, the researcher employed an assistant to help him with 
recording the data. The assistant checked and recorded the readings of each run on a 
computer, and labeled the bolt, nut, and plate of each run. The assistant of the first 
experiment day, session one to session eight, was Ms. Pu Wang. The assistant of session 
nine to session eighteen in the second experiment day was Mr. Ian McAdams. The 
assistant of session nineteen and session twenty in the second experiment day was Mr. 
Michael McCabe. 
The methodology chapter includes the design of experiment section, the 
experiment materials and equipment section, the experiment procedure section, and the 
data analysis section. The design of experiment section discusses the responses, the 
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factors and their levels, and provides rationales for the selection. The experiment 
materials and equipment section discusses the specifications of the materials and 
equipment involved in the experiment. The experiment procedure section discusses the 
experiment layout, the detailed procedures of the experiment, and the force test done after 
the experiment.  
 
3.2 Design of Experiment 
The design of experiment section brings to bear the responses, the factors, and the 
levels of the factors within the experiment. 
The two responses of the experiment were the torque coefficient of the first 
tightening and the torque coefficient of the second tightening. The literature search 
revealed that subsequent loosening and tightening alters the torque coefficient 
significantly (Ganeshmurthy and Nassar, 2007). The researcher chose to investigate the 
torque coefficient of the second tightening because failure to tighten the first bolt indeed 
happens in bolted joint assemblies, albeit at a very low frequency. Process engineer 
Michael McCabe estimated second tightening to happen less than 0.5% of the time in the 
SIA body and trim shop (personal communication, November 11, 2015). The experiment 
involved one three-level factor and three two-level factors. The three-level factor was the 
tightening tool type used. The three two-level factors were bolt dimension, nut type, and 
plate type. The researcher also assigned short names to the responses and the levels of the 
factors for the convenience of data collection and analysis. Table 3.1 summarizes 




Table 3.1.  
Summary and Short Names of the Responses, the Factors, and the Levels of the Factors. 
Response 
Torque coefficient of the first tightening K1 
Torque coefficient of the second tightening K2 
 
Name Levels Short Names 
Tightening tool type – “tool” as short name 
DC electric tool DC tool 
Air pulse tool Pulse 
Beam wrench Beam 
    
Bolt dimension – “diameter” as short name 
M6 x 1.0 flange bolts M6 
M8 x 1.25 flange bolts M8 
    




Uncoated weld nuts Weld 
    
Plate type – “plate” as short name 
Hot-rolled sheet steel 
plates 
Hot 




The three-level factor of the experiment was the tool type used for tightening. The 
short names were used for convenience of reading the experiment run table. The three 
tightening tool types investigated in the experiment were: 
A1. DC tool: the researcher used an Atlas DC electric tool to fully tighten the bolt 
at the target torque value, which was 10 N-m for M6 and 25 N-m for M8. The 
DC electric tool with torque transducer ensured accurate torque readouts 
within +/- 1% of the shown values. The researcher selected the DC tool for the 
experiment because the DC tools accounted for about 40% of the tightening 
tools used in the production line in 2015 (M. McCabe, personal 
communication, September 30, 2015). 
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A2. Pulse: the researcher used an URYU air pulse tool to fully tighten the bolt at 
the target torque value, which was 10 N-m for M6 and 25 N-m for M8. The 
air pulse tools available at SIA had torque transducers, which ensured accurate 
torque readouts within +/- 1% of the shown values.  The researcher selected 
the air pulse tool for the experiment because, similar to the DC tool, air pulse 
tools also accounted for about 40% of the tightening tools used in the 
production line in 2015 (M. McCabe, personal communication, September 30, 
2015). Compared to DC tool, air pulse tools were more powerful and ran at 
higher rotational speeds. 
A3. Beam: the researcher used a Cleco air clutch tool wrench to run down the bolt, 
then use a Tohnichi beam wrench to tighten the bolt at the target torque value, 
which was 10 N-m for M6 and 25 N-m for M8. Compared to air pulse tools 
and DC tools, beam wrenches, being manual torque wrenches with torque 
readouts, produced much slower tightening speed. Team leaders at SIA 
primarily used beam wrenches for bolted joint inspection. 
The three two-level factors and their levels include: 
B1. Bolt dimension: M6 x 1.0 flange bolt versus M8 x 1.25 flange bolts. Their 
short names are M6 and M8, respectively. From the literature search, the 
researcher assumed that bolt length did not affect the torque coefficient. These 
bolt dimensions were selected because they were the most numerous in SIA 
bolted joint assemblies in 2015 (M. McCabe, personal communication, 
September 30, 2015). The researcher also learned from SIA associates that the 
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majority of the bolts and nuts used for assemblies are flange bolts and flange 
nuts. 
B2. Nut type: coated flange nuts versus uncoated weld nuts. Nassar and Zaki 
(2009) found that different coating thicknesses produced different effects on 
torque coefficients, but did not explore the effects of different coating 
materials on torque coefficients. The researcher selected the two nut types 
because they were commonly used in SIA bolted joint assemblies (M. 
McCabe, personal communication, September 30, 2015). The researcher 
expected a difference from using coated bolts with coated nuts versus coated 
bolts with uncoated nuts. 
B3. Plate type: hot-rolled sheet steel plates versus cold-rolled sheet steel plates. 
The bearing friction component of equation 2.2 depends on the bearing 
surface of the bolt and bearing surface of the plate. The researcher selected the 
two plate types because they were readily available for the experiment.  
Other known factors were kept the same throughout the experiment: 
C1. Settings for each tool type, such as speed and torque for DC electric tool and 
air pulse tool.  
C2. The air pressure used for the air pulse tool. 
Changing C1 or C2 could lead to unknown changes in the torque coefficient. The 
researcher chose not to include C1 and C2 in the experiment as factors to be changed 




The design of experiment section discussed the responses, the factors and levels 
of the experiment. The next section discusses the details and specifications of the 
experiment materials and equipment. 
 
3.3 Experiment Materials and Equipment 
The experiment materials and equipment section discusses the details of the 
materials and equipment involved in the experiment. The section also includes the 
important specifications of the materials and equipment involved. The materials involved 
were bolts, nuts, and plates. The equipment included one force washer, two DC electric 
tools, two air pulse tools, two beam wrenches, and one air clutch tool. The section also 
discusses the bolted joint fixture. 
Subaru of Indiana Automotive provided 300 class 8.8 steel M6x1.0 flange bolts, 
300 class 8.8 steel M8x1.25 flange bolts, 150 class 6 steel M6x1.0 flange nuts and 150 
class 6 steel M8x1.25 flange nuts for the experiment. Subaru of Indiana Automotive also 
provided 150 M6x1.0 steel weld nuts and 150 M8x1.25 steel weld nuts. The researcher 
procured 150 hot-rolled steel sheet plates with 6.6 mm diameter holes and 150 hot-rolled 
steel sheet plates with 9 mm diameter holes from Urgent CNC. The researcher also 
procured 150 cold-rolled steel sheet plates with 6.6 mm diameter holes and 150 cold-
rolled steel sheet plates with 9 mm diameter holes, also from Urgent CNC. The total 
number of runs for the experiment was 480, and the researcher added 20% extra materials 
of each type as a safety net. The researcher selected the bolt and nut types primarily 
based on the availability and usage of such bolts and nuts in SIA bolted joint assemblies. 
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The researcher selected the plate types primarily based on the recommendations of SIA 
process engineer Michael McCabe (personal communication, November 7, 2015). 
The bolts selected for the experiment were class 8.8 steel M6 x 1.0 flange bolts 
and class 8.8 steel M8 x 1.25 flange bolts, provided by SIA. The two bolt types were 
commonly used in SIA bolted joint assemblies in 2015 (personal communication, 
November 7, 2015). Figure 3.2 presents the drawing of the bolts selected. 
 
Figure 3.2. Flange Bolt Drawing. 
Subaru of Indiana Automotive process engineer Michael McCabe (personal 
communication, November 7, 2015) provided the specifications of the bolts to the 
researcher. The diameters of the bolts, denoted as d in figure 3.2, were 6 mm and 8 mm, 
respectively. The flange diameters of the bolts, denoted in D in figure 3.2, were 14 mm 
for M6 and 17 mm for M8. The thread pitches of the bolts, denoted in P in figure 3.2, 
were 1.0 mm for M6 and 1.25 mm for M8. Both bolt types belonged to the same class of 
materials, class 8.8 boron steel. Both bolt types had a nominal tensile strength of 800 
N/mm
2
, had a nominal proof stress of 640 N/mm
2
. The coating of both bolt types was 
MFZn8-C, which is the same type as the coating of the flange nuts selected. Both bolt 
types were quenched and tempered after cold forging. Subaru of Indiana Automotive 
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ensured the researcher that the bolt groups came from the same production batch (M. 
McCabe, personal communication, November 7, 2015).  
The coated flange nuts selected for the experiment were class 6 steel M6x1.0 
flange nuts and class 6 steel M8x1.25 flange nuts, provided by SIA. The two flange nut 
types were commonly used in SIA bolted joint assembly processes in 2015 (personal 
communication, November 7, 2015). Figure 3.3 presents the drawing of the nuts selected. 
 
Figure 3.3. Flange Nut Drawing. 
Subaru of Indiana Automotive process engineer Michael McCabe (personal 
communication, November 7, 2015) provided the specifications of the nuts to the 
researcher. The diameters of the nuts, denoted as d in figure 3.3, were 6 mm and 8 mm, 
respectively. The flange diameters of the nuts, denoted in D in figure 3.3, were 13 mm for 
M6 and 17 mm for M8. The thread pitches of the nuts, denoted in P in figure 3.3, were 
1.0 mm for M6 and 1.25 mm for M8. Both nut types belonged to the same class of 
materials, class 6 boron steel. Both nut types had a nominal tensile strength of 600 
N/mm
2
. The coating of both bolt types was MFZn8-C, which is the same as the coating of 
the flange bolts selected. SIA ensured the researcher that both nut groups came from the 
same production batch (M. McCabe, personal communication, November 7, 2015). Other 
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important nut dimensions, in figure 3.3, were B, H, and h, as the researcher developed a 
fixture based on these dimensions, to mount the nuts for the experiment.  
The uncoated weld nuts selected for the experiment were M6x1.0 steel weld nuts 
and M8x1.25 steel weld nuts, provided by SIA. The weld nuts used by SIA were typically 
welded to a surface, where he four corners of the weld nut would be flattened after the 
welding process, providing a flat surface (personal communication, November 7, 2015). 
Figure 3.4 illustrates a weld nut with its four bottom corners welded to a surface.  
 
Figure 3.4. Weld Nut Illustration 
However, in the experiment, the four corners would have interfered with the 
tightening process. Therefore, the researcher used the flat surfaces of the weld nuts as the 
contact surfaces between the nuts and the force washer. Figure 3.5 presents the drawing 
of the weld nuts selected. 
 
Figure 3.5. Weld Nut Drawing. 
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Subaru of Indiana Automotive process engineer Michael McCabe (personal 
communication, November 7, 2015) provided the specifications of the nuts to the 
researcher. The diameters of the nuts were 6 mm and 8 mm, respectively. The outer side 
lengths of the nuts were 12mm for both nut types. The thread pitches of the nuts were 1.0 
mm for M6 and 1.25 mm for M8. Both nut types belonged to the same class of materials, 
class 6 boron steel. Both nut types had a nominal tensile strength of 600 N/mm
2
. Subaru 
of Indiana Automotive ensured the researcher that both nut groups came from the same 
production batch (M. McCabe, personal communication, November 7, 2015). The other 
important nut dimension was the nut height, which was 5 mm for M6 and 7.5 mm for 
M8, as the researcher developed a fixture based on these dimensions, to mount the nuts 
for the experiment.  
The plates selected for the experiment were hot-rolled sheet steel plates with holes 
for M6, hot-rolled sheet steel plates with holes for M8, cold-rolled sheet steel plates with 
holes for M6, and cold-rolled sheet steel plates with holes for M8. The plates were 
manufactured and delivered by Urgent CNC, a local machine shop. All plates were 40 
mm long, 30 mm wide, and 2 mm thick, to allow ease of handling during experiment. 
The hole dimensions for the M6 and M8 plates were 6.6 mm diameter and 9 mm 
diameter, respectively. The hole dimensions and were selected based on the 
recommendations of TR Fastenings on July 25, 2015, at 
http://www.trfastenings.com/pages/Tapping+Sizes+and+Clearance+Holes. The holes 
were centered horizontally and vertically. The plates were laser-cut, and all dimensions 
were within +/- 0.1 mm. 
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Because the experiment involved two different bolt sizes that must be run at 
random order, and because of the technical limitations of the tightening tools available, 
the researcher needed two of each tightening tool type. The tightening equipment 
involved in the experiment included two Atlas DC electric tools, two URYU air pulse 
tools, and two Tohnichi beam wrenches, all of which had digital torque readouts. To save 
time when using beam wrenches, the researcher used an additional tightening tool, an air 
clutch tool, to run down the bolt when the experiment run involved using a beam wrench. 
The researcher selected the nominal tightening torque of 10 N-m for M6 bolts and 25 N-
m for M8 bolts, based on the recommendations of SIA (M. McCabe, personal 
communication, November 7, 2015). The researcher used a KMR force washer connected 
to a force reading unit to obtain the bolt preload, as well as a bolted joint fixture to mount 
the nuts, the force washer, and the plates for each experiment run. 
The two selected DC electric tools were the Atlas DC guns, which were provided, 
installed, and calibrated by SIA tool maintenance staff before the experiment started. 
Prior to the experiment, SIA training supervisor Clayton Groves instructed the researcher 
on operating the Atlas DC guns on October 12, 2015. The target torques of the Atlas DC 
guns were set at 10 N-m for M6 bolts and at 25 N-m for M8 bolts. The tightening speed 
of both tools was 575 rounds per minute. The torque transducers of both tools were set to 
record the peak values of the torque produced for each tightening, and had rated 
accuracies of within +/- 1% of the shown values. The researcher kept the settings of the 
DC tools constant throughout the entire experiment. The researcher used separate tools 
for M6 and M8 bolts because switching between different torque values were difficult, 
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from one experiment run to the next. Figure 3.6 illustrates the DC electric tools on the 
experiment table on November 13, 2015. 
 
Figure 3.6. Atlas DC gun for M8 (left side) and Atlas DC gun for M6 (right side). 
 
The two selected air pulse tools were the URYU air pulse tools, which were 
provided, installed, and calibrated by SIA tool maintenance staff before the experiment 
started. The air supply was available at the experiment room and the air pressure was set 
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to 70 psi. Similar to the target torque values of the DC tools, the target torque of one 
URYU air pulse tool was set at 10 N-m for M6 bolts while target torque of the other was 
set at 25 N-m for M8 bolts. Due to the high power of the air pulse tools, M6 air pulse tool 
consistently produced torque values around 11 N-m, while the M8 air pulse tool 
consistently produced torque values around 27 N-m. The tightening speed of URYU air 
pulse tools were higher than the tightening speed of the DC tools by an unknown amount, 
due to the unavailability of rotational speed measurement instrument. Figure 3.7 
illustrates the air pulse tools on the experiment table on November 13, 2015. 
 
Figure 3.7. URYU air pulse tool marked for M8 (left side) and URYU air pulse tool 




The two selected beam wrenches used for the experiment were the Tohnichi 
CEM20N3X10D-G beam wrench and the Tohnichi CEM50N3X12D-G beam wrench, 
which were provided and calibrated by SIA tool maintenance staff before the experiment 
started. Prior to the experiment, SIA quality control engineer Troy Rush instructed the 
researcher on handling Tohnichi beam wrenches on October 12, 2015. The smaller 
Tohnichi CEM20N3X10D-G beam wrench had a torque range of 4 to 20 N-m, while the 
larger CEM50N3X12D-G beam wrench had a torque range of 10 to 50 N-m. Both beam 
wrenches had torque indicators that showed the torque applied as the bolt was tightened. 
Both beam wrenches had rated accuracies of +/- 1% of the indicated value (B. Tolley, 
personal communication, November 12, 2015). Figure 3.8 illustrates the beam wrenches 




Figure 3.8. Tohnichi beam wrench for M8 (left side) and Tohnichi beam wrench for M6 
(right side). 
During the experiment runs with beam wrenches as the tightening tool, the 
researcher also used an air clutch tool to run down the bolt. The air clutch tool was 
provided and calibrated by SIA tool maintenance staff before the experiment. The air 
clutch tool was set to shut off at 5 N-m, and had an air supply with 70 psi pressure. The 
researcher switched between head sockets for M6 and M8, depending on the bolt 
dimensions involved. Figure 3.9 illustrates the air clutch tool on the experiment table on 




Figure 3.9. Tohnichi beam wrench for M8 (left side) and Tohnichi beam wrench for M6 
(right side). 
 
The load cell selected for the experiment was the 1-KMR/100KN, procured from 
HBM (“KMR force washer”, n.d.). The KMR force washer was specifically designed to 
measure bolt preload of M10 bolts, and its rated accuracy was within +/- 1% (“KMR 
force washer”, n.d.). The KMR force washer was installed and calibrated by SIA 
calibration associate Roy Mitchell before the experiment. The researcher selected this 
force washer size because the force washers of other sizes and brands were not in stock 
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and had lead times of over a month. The KMR force washer was connected to a reading 
unit that provided the reading, in N, of the compression force applied on the force 
washer. The force reading unit was set to provide the peak compression force registered. 
One day before the experiment, the researcher discovered that the readings for the KMR 
force washer were not accurate. Because rescheduling the experiment was impossible, the 
researcher decided to proceed with the experiment. The researcher then conducted a force 
test on the KMR force washer using SIA force testing equipment, on November 2016. 
The force test revealed that the force reading unit provided consistent, though inaccurate 
readings. Section 3.5 of this chapter will provide further details to the force test. Figure 
3.10 illustrates the force washer reading unit used for the experiment on November 13, 
2015.  
 
Figure 3.10. Force Washer Reading Unit. 





Figure 3.11. KMR Force Washer on the Force Testing Table. 
The researcher designed a bolted joint fixture to secure the nuts, the plates, and 
the force washer during the tightening process of each experiment run. The researcher 
decided to secure the nuts instead of the bolts because the weld nuts could not be rotated. 
The bolted joint fixture also facilitated fast and convenient assembly for each run. Figure 




Figure 3.12. 3D Model of the Bolted Joint Fixture. 
 
The bolted joint fixture was made of untreated A2 tool steel, and was fabricated 
by Urgent CNC. Urgent CNC owner and chief engineer Christopher Baer advised the 
researcher that the A2 tool steel would be sufficient, in terms of fatigue strength, for the 
experiment (personal communication, November 12, 2015). The researcher specified the 
dimensions of the bolted joint fixture so that the fixture could prevent rotation of the nuts, 
the force washer, and the plates during the tightening process. The researcher provided a 
detailed 2D drawing of the bolted joint fixture in Appendix A. For each experiment run, 
the mounting sequence was the nut, the force washer, and the plate. During the 
experiment, the bolted joint fixture was clamped to the experiment table to prevent 
movement during tightening.  
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The experiment materials and equipment section discussed the details of the 
materials and equipment involved in the experiment. The section discussed the 
specifications of the materials and equipment involved. The materials involved are bolts, 
nuts, washers, joint members, and lubrication. The equipment includes beam wrench, 
load cell, DC electric tool, air pulse tool, and impact wrench. The experiment materials 
and equipment section also discussed the bolted joint fixture. The next section, 
experiment procedure, explains the procedure of the experiment. 
 
3.4 Experiment Layout and Procedure 
The experiment procedure section discusses the layout of the experiment. The 
section also explains the steps performed during each run of the experiment. The section 
also explains the force test done after the experiment and the force testing data removal. 
The researcher conducted the experiment in the space provided in the SIA tool 
maintenance room, on November 12, 2015 and November 13, 2015. The room 
temperature of both days was 72 degrees Fahrenheit, and stayed the same during the 
experiment time. The researcher conducted the experiment runs on the table, as illustrated 




Figure 3.13. Experiment Table with All Equipment. 
The researcher clamped the bolted joint fixture on the experiment table, as 
illustrated in the center of figure 3.13. The air pulse tools were on the left side of the 
bolted joint fixture, for experiment runs involving tool type pulse. The beam wrenches 
and the air clutch tool were on the near right side of the bolted joint fixture, for 
experiment runs involving tool type beam. The DC tools were on the further away on the 
right side of the bolted joint fixture, for experiment runs involving tool type DC tool. The 
researcher ensured that all other items on the table, which could not be removed 
conveniently, would not affect the results of the run. Figure 3.14 illustrates the bolted 





Figure 3.14. Bolted Joint Fixture on the Experiment Table. 
The researcher used the top left slot of the bolted joint fixture for runs with M8 
bolts and weld nuts and the bottom left slot of the fixture for runs with M8 bolts and 
flange nuts. The researcher used the top right slot of the bolted joint fixture for runs with 
M6 bolts and weld nuts and the bottom right slot of the fixture for runs with M6 bolts and 
flange nuts. The researcher placed the material bins on a cart to his right side, as 




Figure 3.15. Material Boxes Used in the Experiment. 
The M8 bolts and nuts were on left green tray, in the center of the cart. The M6 
bolts were on the right green tray, also in the center of the cart. The left and right bottom 
brown boxes contained the M8 and M6 cold-rolled plates, respectively while the top 
brown boxes contained the hot-rolled counterparts.  The arrangement of the materials on 
the cart matched the arrangement of the slots on the bolted joint fixture, reducing the 
chance of errors during the experiment. 
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During the experiment, the assistant stood on the researcher’s left side and helped the 
researcher with recording the data. The assistant was responsible for entering torque and 
force data into a prepared Excel 2007 spreadsheet on the researcher’s laptop, as 
illustrated on figure 3.16.  
 
Figure 3.16. The Laptop and the Box with Labeled Plates. 
The researcher prepared the Excel 2007 spreadsheet with the run orders provided 
by Minitab 17 general factorial design. The researcher also prepared the Excel 2007 
spreadsheet with conditional color formatting, so that the current run order would be 
highlighted in yellow, as illustrated in figure 3.16. Once the data for a particular run was 
entered, the next run order would be highlighted in yellow. Highlighting of the run orders 
helped reducing the probability of error during the experiment. After recording the data 
65 
 
of each run, the assistant also labeled run order number on the bolt, nut, and plate 
involved for the respective run with a marker, as illustrated in figure 3.17.  
 
Figure 3.17. Labeled Plate. 
After labeling, the assistant placed the bolt, nut, and plate into a box placed next 
the laptop, as illustrated in figure 3.16. 
Before starting the experiment on each experiment day, the researcher verified 
with SIA tool maintenance staff about the calibration and the battery of the tools 
involved. The researcher also informed the assistant of the experiment procedure. Then, 
the researcher practiced assembling with each tool type five times to gain familiarity.  
The researcher established three ground rules of conducting the experiment to 
reduce any possibility of error and to reduce unnecessary variations to the experiment 
results. The first rule was that any bolts, nuts, or plates, once taken out of the material 
boxes, must not be put inside the boxes again. The second rule was that any time the 
researcher was unsure of the plate type he was holding, because hot-rolled and cold-
rolled plates were nearly identical to each other in color, he must discard the plate and 
pick a new one. The third rule was that the researcher must discard the materials and 
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restart the run if the run involved the wrong tool type or materials. Thanks to the 
precautions, only 3 out of 480 runs were discarded after the experiment. 
Table 3.2 illustrate the steps of each experiment run. 
Table 3.2.  
Experiment Procedure. 
Step Action of the researcher Action of the assistant 
1 
Read out loud the bolt, nut, and plate type 
from the laptop 
Stand by 
2 




Read the tool type from the laptop, double 
check the bolt, nut, and plate type 
Stand by 
4 
Set up the nut, the force washer, the plate, 
and the bolt on the appropriate slot on the 
bolted joint fixture 
Stand by 
5 
If the tool type was DC tool or pulse, fully 
tighten the bolt. If the tool type was beam, 
run down the bolt using the air clutch tool, 
then fully tighten the bolt using the beam 
wrench. 
Stand by 
6 Fully loosen the bolt using the same tool 
Read and record the torque value and force of 
the first tightening 
7 
Double-check the first tightening data 
recorded by the assistant, then repeat step 5. 
Stand by 
8 
Fully loosen the bolt, disassemble the bolted 
joint, place the bolt, nut, and plate next to the 
assistant for him/her to label. 
Read and record the torque value and force of 
the second tightening 
9 
Double-check the second tightening data 
recorded by the assistant. 
Assemble the bolt, nut, and plate, then write 
the run order number on the plate 
 
The details of each step in table 3.2 were as followed: 
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- Step 1 involved the researcher reading out loud, from the laptop, the levels of the 
factors of the run, which were tool type, bolt dimension, nut type, and plate type. 
The current run was highlighted in yellow, for the convenience of running the 
experiment. 
- Step 2 involved the researcher picking up the appropriate materials from the 
material boxes. 
- Step 3 involved the researcher reading the tool type from the laptop and double 
checking the bolt, nut, and plate type at the same time. 
- Step 4 involved the researcher setting up the nut, the force washer, the plate, and 
the bolt on the bolted joint fixture, specifically in that order. The materials 
wouldn’t fit otherwise if the installation order was wrong or if the researcher set 
the materials in the incorrect slot. 
- Step 5 involved the researcher using the correct tightening tool type and size. If 
the tool type was DC tool or pulse, the researcher would fully tighten the bolt 
until the tool stop. If the tool type was beam, the researcher would run down the 
bolt with the air clutch tool, then fully tighten the bolt to either 10 N-m or 25 N-
m, depending on the bolt diameter. 
- Step 6 involved the researcher fully loosening the bolt using the same tool. The 
assistant read the torque and force values, and recorded them as the first 
tightening. 
- Step 7 involved the researcher double-checking the first tightening data recorded 
by the assistant, then repeating step 5. 
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- Step 8 involved the researcher fully loosening the bolt and disassembling the 
joint. The researcher then placed the bolt, nut, and plate next to the assistant. The 
assistant read the torque and force values, and recorded them as the second 
tightening. 
- Step 9 involved the researcher double-checking the second tightening data 
recorded by the assistant. The assistant assembled the bolt, nut, and plate, and 
wrote the run number on the plate. 
Then, the researcher repeated step 1 for the next run. Every 24 runs, the 
researcher would take a 5-minute break, per the experiment protocols. 
For each run, the researcher followed the run details set by table 3.3, which is 
generated with randomization by the statistical software Minitab 17, provided by Purdue 




Table 3.3.  
Data Collection with the First 24 Runs. 








1 DC M6 Flange Hot 
    
2 Pulse M8 Weld Cold 
    
3 Beam M6 Flange Hot 
    
4 Beam M6 Weld Hot 
    
5 Pulse M6 Flange Cold 
    
6 Beam M8 Flange Hot 
    
7 DC M8 Weld Hot 
    
8 Beam M6 Flange Cold 
    
9 Pulse M8 Weld Hot 
    
10 Pulse M8 Flange Hot 
    
11 Beam M8 Weld Hot 
    
12 DC M8 Flange Hot 
    
13 Pulse M6 Weld Hot 
    
14 DC M8 Flange Cold 
    
15 Pulse M6 Flange Hot 
    
16 Beam M8 Weld Cold 
    
17 Beam M8 Flange Cold 
    
18 DC M6 Weld Cold 
    
19 DC M6 Weld Hot 
    
20 DC M8 Weld Cold 
    
21 Beam M6 Weld Cold 
    
22 Pulse M8 Flange Cold 
    
23 Pulse M6 Weld Cold 
    
24 DC M6 Flange Cold 
    
 
For example, run #1 in table 3.3 involved using the M6 DC tool to tighten M6 
bolt, M6 flange nut, and hot-rolled plats with M6 hole, all placed on the right side of the 
material cart. Then, the torque applied and bolt preload of the first tightening and the 
second tightening were recorded into the table. The generated design of experiment table 
on Minitab 17 was exported to an Excel 2007 spreadsheet. The full experiment table is 
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available in Appendix B. Using an Excel spreadsheet allowed the researcher to 
implement automatic file saving after each data entry by using a macro, as well as color 
highlighting for the current experiment run. Furthermore, using Minitab 17 through 
Purdue Software Remote service required Internet access, which the experiment room did 
not have.  
Because the readings of the force washer during the experiment were incorrect, 
the researcher conducted a force test on November 16, 2015 to compare the force washer 
readings and the actual force values. The researcher maintained the same settings on the 
force washer reading units during the force test. SIA reliability associate Brian Luiek 
instructed the researcher in using and programming the force testing machine. The force 
testing machine, provided by SIA calibration department, was an Instron 250 kN, which 
had a rated repeatability of +/- 0.5% of the indicated value. The researcher used the force 
testing machine to apply different compression force values on the force washer, from 3 
kN to 35 kN in intervals of 1 kN, and recorded the readouts of the force washer. For each 
force value, the force testing machine applied the indicated the compression force, held 
for five seconds, then release the force, then applied the next higher force value. Because 
the program controlling the force testing machine had a limited command block size, the 
researcher had to conduct the force test in two sessions. The first session involved 
applying forces of 3 kN to 19 kN in intervals of 1 kN, and the second session involved 
applying forces of 20kN to 35kN, also in intervals of 1 kN. The first session was repeated 
five times. Then, the researcher reprogrammed the force testing machine to do the second 
session, also five times. The researcher used this data in chapter 4 to adjust the force 






















3000 2753 1376 1376 1416 1417 
4000 3562 2510 2550 2591 2550 
5000 3927 3000 3117 3117 3158 
6000 4817 3927 3927 3927 3927 
7000 5384 4696 4736 4777 4777 
8000 6518 5303 5303 5344 5344 
9000 6720 6477 6518 6477 6518 
10000 7813 6923 6963 7004 7004 
11000 8380 7813 7813 7813 7813 
12000 9109 8906 8906 8906 8947 
13000 9878 9271 9311 9271 9271 
14000 10445 10404 10404 10404 10404 
15000 11538 11214 11093 11173 11214 
16000 11781 11740 11740 11700 11740 
17000 12914 12874 12833 12833 12874 
18000 13319 13440 13400 13369 13440 
19000 14290 14290 14290 14290 14290 
       
2nd 
session 
20000 16396 14776 14776 14776 14655 
21000 16881 15626 15626 15586 15586 
22000 17772 16760 16800 16800 16760 
23000 18339 17367 17367 17246 17165 
24000 19432 18217 18217 18177 18177 
25000 19513 19472 19472 19391 19351 
26000 20363 19553 19513 19553 19513 
27000 20930 20808 20768 20727 20606 
28000 22063 21699 22106 21577 21375 
29000 22549 22306 22255 22185 22144 
30000 23440 23399 23440 23399 23399 
31000 24614 24654 24533 24330 24249 
32000 25140 25261 25180 24897 24856 
33000 26030 26111 26030 25990 25990 
34000 27204 27285 27245 27204 27002 
35000 27771 27933 27852 27731 27528 
 
During the first session, the researcher realized that the force washer readouts 
gave low reading warnings when the force tester values were between 3 kN and 5 kN, 
which meant the force washer readouts were incorrect. The researcher also noted that, for 
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each session, the force washer readouts of the first replication were very different 
compared to the force washer readouts of the other replications. One possible explanation 
for this difference is that the force washer readouts were distorted under the first loads, 
but stabilized under subsequent loads. The researcher then decided to omit the data 
collected during the first replication of both sessions, and also to omit the entries where 
the force applied was between 3 kN and 5 kN. The decision was made because before the 
bolt tightening experiment started on each day, the force washer was applied loads about 
20 times, due to the researcher practicing, before the first recorded reading. The omitted 
data, if included, would have distorted the translation of the force washer readouts. Table 




Table 3.5.  
Cleaned-up Version of the Force Testing Data. 
  Force 
Applied 
(N) 
Force Washer Readout (N) 
  2nd replication 3rd replication 4th replication 5th replication 
1st session 
6000 3927 3927 3927 3927 
7000 4696 4736 4777 4777 
8000 5303 5303 5344 5344 
9000 6477 6518 6477 6518 
10000 6923 6963 7004 7004 
11000 7813 7813 7813 7813 
12000 8906 8906 8906 8947 
13000 9271 9311 9271 9271 
14000 10404 10404 10404 10404 
15000 11214 11093 11173 11214 
16000 11740 11740 11700 11740 
17000 12874 12833 12833 12874 
18000 13440 13400 13369 13440 
19000 14290 14290 14290 14290 
      
2nd session 
20000 14776 14776 14776 14655 
21000 15626 15626 15586 15586 
22000 16760 16800 16800 16760 
23000 17367 17367 17246 17165 
24000 18217 18217 18177 18177 
25000 19472 19472 19391 19351 
26000 19553 19513 19553 19513 
27000 20808 20768 20727 20606 
28000 21699 22106 21577 21375 
29000 22306 22255 22185 22144 
30000 23399 23440 23399 23399 
31000 24654 24533 24330 24249 
32000 25261 25180 24897 24856 
33000 26111 26030 25990 25990 
34000 27285 27245 27204 27002 
35000 27933 27852 27731 27528 
   
The experiment procedure section discussed the layout of the experiment. The 
section also explained the steps performed during each run of the experiment. The section 
also explained the force test done after the experiment and the force testing data removal. 
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The methodology chapter discussed the responses, the factors and their levels. 
The chapter also discussed the specifications of the equipment and material involved in 
the experiment. The chapter also discussed the experiment layout, the detailed procedures 
of the experiment, and the force testing done after the experiment. The next chapter, 
Chapter Four discusses the translation of the force washer readouts and the data analysis 







CHAPTER 4. DATA ANALYSIS 
The data analysis chapter discusses the translation of the force washer readouts 
into practical force estimates. The data analysis chapter includes the analysis of the 
torque coefficients of the first tightening to answer the first research question. The 
chapter also includes the analysis of the variance between runs of the torque coefficients 
of the first tightening to answer the second research question. The chapter then discusses 
the analysis of the relationship between the torque coefficients of the first and second 
tightening to answer the third research question. 
 
4.1 Overview of Data Analysis 
The purpose of the data analysis section was to answer the three research 
questions of the study: 
1. What are the effects of the factors and their combinations on the torque 
coefficients of the first tightening (K1)? 
2. What are the effects of the factors and their combinations on the variance of K1, 
from one bolt to the next? 
3. What are the effects of the factors and their combinations on the relationship 
between the torque coefficients of the first tightening (K1) and the torque 
coefficients of the second tightening (K2) of the same bolted joint? 
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The selected critical alpha is 0.05. The purpose of the data analysis section is to 
explain and interpret the results of the data analysis. The statistical software chosen to 
analyze the data is Minitab 17, which is available to the researcher through Purdue 
Software Remote. Minitab 17 is also the same software the researcher used to create the 
experiment table. 
During the data analysis, the researcher consulted with one of the professors on 
the committee, Dr. Mary Johnson, who had extensive knowledge and experience of 
analyzing experiments and using the statistical software Minitab 17. The researcher also 
consulted Ms. Yunfan Li of the Purdue Statistical Consulting Service. Ms. Yunfan Li 
advised the researcher to conduct general factorial regression analyses with blocks as 
random factors, through the data analysis. 
After the experiment, the researcher discovered that 3, out of 480, runs were 
incorrect conduced. Therefore, the wrong entries had to be removed to ensure the 
accuracy of the data analysis. The full experiment data table is available in Appendix B 
as table B.1. Table 4.1 presents the run details that were marked removed from the 
experiment data table. 
Table 4.1.  
Three Data Entries Removed from Experiment Data Table. 
Run 
Order 








248 Beam M8 Flange Hot 26.05 12635 28.95 13283 
257 Beam M8 Flange Cold 20.55 9962 25.95 10286 




The three data entries listed in table 4.1 were removed by the researcher. Run 248 
had the second torque applied about 4 N-m higher than the 25 N-m target. Therefore, run 
248 was removed because the researcher tightened the bolt too hard during the second 
tightening. Run 257 had the first torque applied about 4.5 N-m lower than the 25 N-m 
target. Therefore, run 257 was removed because the researcher let go of the beam wrench 
too early for the first tightening. Run 267 had the torque applied around 10 N-m, the 
target torque for M6, even though the bolt diameter chosen for the run was M8. 
Therefore, run 267 was removed because the researcher selected the wrong bolt 
dimension and didn’t realize the mistake. 
The researcher created a data table used for data analysis. The size of the data 
table was too large to be included in the thesis document as a single table, so the 
researcher divided the table into four smaller tables. The smaller data tables used in the 
data analysis are: 
- Data Analysis Table with Torque 1 and Force 1, available in Appendix C 
as table C.1. Table C.1 contains all but the removed entries, and lists the 
recorded torque applied, original force readouts, and the translated force 
values of the first tightening. 
- Data Analysis Table with Torque 2 and Force 2, available in Appendix D 
as table D.1. Table D.1 contains all but the removed entries, and lists the 
recorded torque applied, original force readouts, and the translated force 
values of the second tightening. 
- Data Analysis Table with Torque Coefficients Calculated Using Original 
Force Readouts, available in Appendix E as table E.1. 
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- Data Analysis Table with Torque Coefficients Calculated Using 
Translated Force, available in Appendix F as table F.1. 
Explanations of the column headers Tool, Diameter, Nut, and Plate are available 
in table 3.1. The column headers used in the data tables and throughout the data analysis 
are: 
- Torque 1: the recorded torque applied from the first tightening. 
- Force Readout 1: the recorded force washer readout from the first 
tightening. 
- Translated Force 1: the translated force value of the first tightening, 
explained in section 4.2. 
- Torque 2: the recorded torque applied from the second tightening. 
- Force Readout 2: the recorded force washer readout from the second 
tightening. 
- Translated Force 2: the translated force value of the second tightening, 
explained in section 4.2. 
- K1 Original: the torque coefficient calculated using Force Readout 1, 
explained in section 4.2. 
- K2 Original: the torque coefficient calculated using Force Readout 2, 
explained in section 4.2. 
- Inv K1 Original: the inverse of K1 original, or 1 / K1 Original, explained 
in section 4.3. 
- K1 – K2 Original: the subtraction of K2 Original from K1 Original, 
explained in section 4.4. 
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- K1 / K2 Original: the ratio between K1 Original and K2 Original. 
- K1 Translated: the torque coefficient calculated using Translated Force 1, 
explained in section 4.2. 
- K2 Translated: the torque coefficient calculated using Translated Force 2, 
explained in section 4.2. 
- Inv K1 Translated: the inverse of K1 Translated, or 1 / K1 Translated, 
explained in section 4.3. 
- K1 – K2 Translated: the subtraction of K2 Translated from K1 Translated 
explained in section 4.4. 
- K1 / K2 Translated: the ratio between K1 Translated and K2 Translated 
explained in section 4.4. 
The data summary tables, which provide the mean, the 95% confidence interval 
for the mean, and the standard deviation for the concerned variables, are: 
- Data Summary Table for K1 Original and K2 Original, available in 
Appendix G as table G.1. 
- Data Summary Table for K1 Translated and K2 Translated, available in 
Appendix H as table H.2. 
- Data Summary Table for Inv K1 Original and Inv K1 Translated, available 
in Appendix I as table I.3. 
- Data Summary Table with Fitted Values for K1 – K2 Translated and K1 / 
K2 Translated, available in Appendix J as table J.4. 
The data analysis chapter presents the translation of the force washer readouts and 
provides the analysis of K1 to answer the first research question. The chapter also 
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discusses the analysis of the variance of K1 to answer the second research question. 
Lastly, the data analysis chapter discusses the analysis of the relationship between K1 and 
K2 to answer the third research question. 
 
4.2 Translation of the Force Washer Readouts 
The translation of the force washer readouts section discusses the linear 
regression and quadratic regression conducted on the force washer readouts to estimate 
the actual force values. The section also discusses the selected translation equation. 
The researcher conducted the force test, which was discussed in section 3.4, to 
determine the relationship between the force washer readout and the actual force applied 
on the force washer during the experiment. The data analysis resulted from using the 
force washer readouts would not have practical values, because the bolt preloads 
recorded were incorrect. The next step was to conduct a linear regression analysis using 
fitted line plot on Minitab 17. The force applied by the testing machine was the 
independent variable, as the researcher could manipulate it. The force washer readouts 









Figure 4.2 presents the residual plots of the linear regression analysis. 
 
Figure 4.2. Residual Plots for Linear Regression. 
Table 4.2 is the analysis of variance (ANOVA) table of the linear regression 
analysis. 
Table 4.2.  
ANOVA Table of the Linear Regression. 
Source DF SS MS F P 
Regression 1 6016740176 6E+09 84565.5 0 
Error 118 8395566 71149 
  Total 119 6025135742 
   
S = 266.737   R-Sq = 99.9%   R-Sq(adj) = 99.9% 




The points on the normal probability plot are close or on the line in figure 4.2, 
supporting the assumption of residual normality. The curved pattern of the points on the 
residual versus fits plot indicates a possible second-order relationship between the force 
applied and the force washer readouts. The variance of the points on the residual versus 
fits plot is relatively equal across the fitted values. The ANOVA table indicates that the 
regression model is statistically significant. The adjusted R-squared is 99.9%, meaning 
that the regression equation explains 99.9% of the variability of the response data.  
A quadratic regression analysis was conducted to minimize the variation bias 
produced by the quadratic relationships. Figure 4.3 presents the results of the quadratic 
regression analysis.  
 




Figure 4.4 presents the residual plots of the quadratic regression analysis. 
 
Figure 4.4. Residuals Plot for Quadratic Regression. 
Table 4.3 is the analysis of variance (ANOVA) table of the quadratic regression 
analysis. 
Table 4.3.  
ANOVA Table of the Quadratic Regression. 
Source DF SS MS F P 
Regression 2 6020038356 3E+09 69088.8 0 
Error 117 5097386 43567 
  Total 119 6025135742 
   
S = 208.728   R-Sq = 99.9%   R-Sq(adj) = 99.9% 
 Force Washer Readout = - 334.2 + 0.7165 Force Tester + 0.000002 Force Tester^2 
 
The points on the normal probability plot are close or on the line in figure 4.4, 
supporting the assumption of residual normality. The residual versus fits plot indicates 
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the variance of the residual is relatively constant from the left to the right of the plot. The 
ANOVA table indicates that the regression model is statistically significant. The adjusted 
R-squared is 99.9%, meaning that the regression equation explains 99.9% of the 
variability of the data. Because the quadratic regression analysis has a high adjusted R-
squared and no violated assumptions, the quadratic regression equation is used to 
translate the force washer readout. The quadratic equation given by the regression 
analysis is: 
Force Washer Readout = - 334.2 + 0.7165*Translated Readout + 0.000002 
Translated Readout^2. 
Solving the quadratic equation for the Translated Readout, the Translated Force is 
given as: 
Translated Force = 
-0.7165 + √0.71652 - 4*0.000002*( - 334.2 - Readout)
2*0.000002
 
Using the translation equation, the researcher created two columns in the data 
analysis table named Translated 1 and Translated 2. The data for Translated 1 is available 
in table C.1. The data for Translated is available in table C.2. 
The translation of the force washer readouts section discussed the linear 
regression and quadratic regression done on the force washer readouts to estimate the 
actual force values. The section also discussed the selected quadratic translation equation. 




4.3 Analysis of the Torque Coefficients of the First Tightening 
The analysis of the torque coefficients of the first tightening section discusses the 
general factorial regression analysis done on the variables K1 Original and K1 
Translated. The section then discusses the inverse transformation of K1 Original and K1 
Translated. The section also discusses the interpretations and explanations of the data 
analysis results. 
The first research question of the study was: 
1. What are the effects of the factors and their combinations on the torque 
coefficients of the first tightening (K1)? 
To answer this question, the researcher began with calculating the torque 
coefficients.  Even though the researcher employed the translation equation for the force 
washer readouts, conducting analysis on the original torque coefficients calculated from 
the force washer readouts was necessary. The following columns were created in the data 
analysis table on Minitab 17: 
- K1 Original = Torque 1 / Force Readout 1 / d, where d = 0.006m for M6 bolts and 
d = 0.008m for M8 bolts. K1 Original stands for the torque coefficients calculated 
based on the original force washer readouts. 
- K1 Translated = Torque 1 / Translated Force 1 / d, where d = 0.006m for M6 bolts 
and d = 0.008m for M8 bolts. K1 Translated stands for the torque coefficients 
calculated based on the translated force values. 
- K2 Original = Torque 2 / Force Readout 2 / d, where d = 0.006m for M6 bolts and 
d = 0.008m for M8 bolts. K2 Original stands for the torque coefficients calculated 
based on the original force washer readouts. 
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- K2 Translated = Torque 2 / Translated Force 2 / d, where d = 0.006m for M6 bolts 
and d = 0.008m for M8 bolts. K2 Translated stands for the torque coefficients 
calculated based on the translated force values. 
Figure 4.5 is the Minitab 17 graphical summary of K1 Original. 
 
Figure 4.5. Summary Report for K1 Original. 
 
The histogram in figure 4.5 indicated that K1 Original does not follow a normal 
distribution, as does the Anderson-Darling normality test results. No judgment from the 
summary of K1 Original was made, because the researcher knew K1 Original, which was 
calculated from the incorrect Force Readout 1, to be incorrect.  
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Figure 4.6. Summary Report for K1 Translated. 
 
The histogram in figure 4.6 indicates that K1 Translated does not follow a normal 
distribution. The tail of the data is on the right side, indicating that outliers are under-
tightened bolts. The mean is 0.18030, which is within the typical reported range of the 
torque coefficients the researcher learned during the literature review. The standard 
deviation of the data, however, is about 18.5% of the mean, which is higher than the 
expectation of the researcher. From the literature search, the researcher expected that the 
standard deviation of the torque coefficients to be around 10% of the mean. The higher 
standard deviation can be attributed to the involvement of 24 different combinations of 
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Summary Report for K1 Translated
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Next, a general factorial regression analysis on the response variable K1 Original 
was conducted. Figure 4.7 presents the residual plots of the general factorial regression 
analysis on K1 Translated.  
 




Table 4.4 is the analysis of variance (ANOVA) table of the regression analysis. 
Table 4.4. 
ANOVA Table for Regression Analysis on K1 Original. 
Source DF Seq SS Adj SS Adj MS F-Value p-value 
Blocks 19 0.04076 0.0409 0.00215 1.77 0.024 
Tool 2 0.1169 0.11697 0.05849 48.17 0 
Diameter 1 0.43473 0.42941 0.42941 353.66 0 
Nut 1 0.11852 0.11962 0.11962 98.52 0 
Plate 1 0.01816 0.01797 0.01797 14.8 0 
Tool*Diameter 2 0.06531 0.06521 0.03261 26.85 0 
Tool*Nut 2 0.01069 0.0104 0.0052 4.28 0.014 
Tool*Plate 2 0.00215 0.00205 0.00102 0.84 0.431 
Diameter*Nut 1 0 1E-06 1E-06 0 0.979 
Diameter*Plate 1 0.0075 0.00756 0.00756 6.23 0.013 
Nut*Plate 1 0.00415 0.00415 0.00415 3.41 0.065 
Tool*Diameter*Nut 2 0.01435 0.01441 0.0072 5.93 0.003 
Tool*Diameter*Plate 2 0.00237 0.00237 0.00118 0.97 0.378 
Tool*Nut*Plate 2 0.00067 0.00062 0.00031 0.25 0.776 
Diameter*Nut*Plate 1 0.00405 0.00407 0.00407 3.36 0.068 
Tool*Diameter*Nut*Plate 2 0.01074 0.01074 0.00537 4.42 0.013 
Error 434 0.52695 0.52695 0.00121 
  Total 476 1.37802 
     
 
 
      S R-sq R-sq(adj) R-sq(pred) 
  0.03484 61.76% 58.06% 53.82%     
 
 
The residual plots have two major violations of assumptions: normality of 
residuals and equal variances. The points on the normal probability plot do not entirely fit 
on the line. The variance on the residual versus fits plot expands from the left to the right 
side. A nonlinear transformation of the data was necessary to construct a valid regression 
model (M. Johnson, personal communication, November 18, 2015). The ANOVA results 
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in table 4.4 indicate that the block effect, the main effects, three of the two-way 
interaction effects, one three-way interaction effect, and the four-way interaction effect 
are significant. The adjusted R-squared was 58.06%. 
The next operation was to run the general factorial regression analysis on the 
response variable K1 Translated. Figure 4.8 presents the residual plots of the general 
factorial regression analysis on K1 Translated.  
..
 




Table 4.5 is the ANOVA table of the regression analysis on K1 Translated. 
Table 4.5.  
ANOVA Table for Regression Analysis on K1 Translated. 
Source DF Seq SS Adj SS Adj MS F-Value p-value 
Blocks 19 0.016994 0.01697 0.00089 1.74 0.028 
Tool 2 0.050331 0.05061 0.02531 49.2 0 
Diameter 1 0.125074 0.1231 0.1231 239.34 0 
Nut 1 0.05206 0.0526 0.0526 102.27 0 
Plate 1 0.00796 0.00787 0.00787 15.3 0 
Tool*Diameter 2 0.032457 0.03243 0.01621 31.52 0 
Tool*Nut 2 0.004333 0.00422 0.00211 4.1 0.017 
Tool*Plate 2 0.000815 0.00077 0.00039 0.75 0.473 
Diameter*Nut 1 0.000108 0.00011 0.00011 0.21 0.646 
Diameter*Plate 1 0.003197 0.00322 0.00322 6.27 0.013 
Nut*Plate 1 0.001746 0.00174 0.00174 3.39 0.066 
Tool*Diameter*Nut 2 0.005933 0.00596 0.00298 5.79 0.003 
Tool*Diameter*Plate 2 0.000937 0.00094 0.00047 0.91 0.404 
Tool*Nut*Plate 2 0.000228 0.00021 0.0001 0.2 0.818 
Diameter*Nut*Plate 1 0.001678 0.00169 0.00169 3.28 0.071 
Tool*Diameter*Nut*Plate 2 0.004629 0.00463 0.00231 4.5 0.012 
Error 434 0.223219 0.22322 0.00051 
  Total 476 0.531701 
    
       S R-sq R-sq(adj) R-sq(pred) 
  0.02268 58.02% 53.96% 49.30%      
 
The extent of the violations of the assumption of normality of residuals and the 
assumption of equal variances is less severe, when compared to the residual plots of the 
general factorial regression analysis on K1 Original. The points on the normal probability 
plot do not entirely fit on the line, and the variance on the residual versus fits plot 
expands from the left to the right side. A nonlinear transformation of the data was 
necessary to construct a valid regression model. The ANOVA table indicates that the 
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main effects, three of the two-way interaction effects, one three-way interaction effect, 
and the four-way interaction effect are significant. The adjusted R-squared was 53.96%, 
which is lower than the adjusted R-squared of the analysis on K1 Original. 
The first type of nonlinear transformation that the researcher attempted, from the 
advice of Dr. Mary Johnson, was the inverse transformation, or 1/y. The researcher 
creates the following columns in the data analysis table on Minitab 17: 
- Inv K1 Original = 1 / K1 Original 
- Inv K1 Translated = 1 / K1 Translated 
Then, a general factorial regression analysis was conducted on the response 
variable Inv K1 Original. Figure 4.9 presents the residual plots of the general factorial 
regression analysis on Inv K1 Original.  
 
Figure 4.9. Residuals Plots for Regression Analysis on Inv K1 Original. 
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Table 4.6 is the ANOVA table of the regression analysis. 
Table 4.6.  
ANOVA Table for Regression Analysis on Inv K1 Original. 
Source DF Seq SS Adj SS Adj MS F-Value p-value 
Blocks 19 7.592 7.598 0.4 1.64 0.043 
Tool 2 34.512 34.651 17.326 71.14 0 
Diameter 1 125.653 123.839 123.839 508.49 0 
Nut 1 32.48 32.944 32.944 135.27 0 
Plate 1 5.254 5.173 5.173 21.24 0 
Tool*Diameter 2 32.634 32.563 16.281 66.85 0 
Tool*Nut 2 0.275 0.273 0.136 0.56 0.572 
Tool*Plate 2 0.461 0.429 0.215 0.88 0.415 
Diameter*Nut 1 3.367 3.368 3.368 13.83 0 
Diameter*Plate 1 0.932 0.952 0.952 3.91 0.049 
Nut*Plate 1 0.835 0.843 0.843 3.46 0.064 
Tool*Diameter*Nut 2 3.997 4.016 2.008 8.25 0 
Tool*Diameter*Plate 2 0.607 0.593 0.297 1.22 0.297 
Tool*Nut*Plate 2 0.406 0.411 0.205 0.84 0.431 
Diameter*Nut*Plate 1 0.341 0.344 0.344 1.41 0.236 
Tool*Diameter*Nut*Plate 2 2.705 2.705 1.353 5.55 0.004 
Error 434 105.697 105.697 0.244 
  Total 476 357.752 
    
       S R-sq R-sq(adj) R-sq(pred) 
   0.4935 70.46% 67.60% 64.31%       
 
The assumption of normal residuals and the assumption of equal variances are not 
violated. The points on the normal probability plot stayed close to the line, and the 
variance on the residual versus fits plot is relatively equal from the left to right. The 
ANOVA table indicated that the block effect, the main effects, three of the two-way 
interaction effects, one three-way interaction effect, and the four-way interaction effect 
are significant. The adjusted R-squared was 67.60%, which was much higher than the 
95 
 
adjusted R-squared of the analysis on K1 Original. Because K1 Original does not reflect 
the correct torque coefficients, a valid, but not useful, model cannot be created based on 
Inv K1 Original. 
The next procedure was to run the general factorial regression analysis on the 
response variable Inv K1 Translated. Figure 4.10 presents the residual plots of the general 
factorial regression analysis on Inv K1 Translated.  
 




Table 4.7 is the analysis of variance (ANOVA) table of the regression analysis. 
Table 4.7.  
ANOVA Table for Regression Analysis on Inv K1 Translated. 
Source DF Seq SS Adj SS Adj MS F-Value p-value 
Blocks 19 12.53 12.495 0.658 1.62 0.047 
Tool 2 52.131 52.535 26.268 64.89 0 
Diameter 1 137.294 134.904 134.904 333.27 0 
Nut 1 53.254 53.995 53.995 133.39 0 
Plate 1 8.969 8.832 8.832 21.82 0 
Tool*Diameter 2 51.406 51.297 25.649 63.36 0 
Tool*Nut 2 0.666 0.654 0.327 0.81 0.446 
Tool*Plate 2 0.733 0.683 0.342 0.84 0.431 
Diameter*Nut 1 4.718 4.719 4.719 11.66 0.001 
Diameter*Plate 1 1.907 1.941 1.941 4.79 0.029 
Nut*Plate 1 1.453 1.464 1.464 3.62 0.058 
Tool*Diameter*Nut 2 6.589 6.618 3.309 8.17 0 
Tool*Diameter*Plate 2 0.992 0.969 0.485 1.2 0.303 
Tool*Nut*Plate 2 0.58 0.585 0.292 0.72 0.486 
Diameter*Nut*Plate 1 0.661 0.665 0.665 1.64 0.201 
Tool*Diameter*Nut*Plate 2 4.449 4.449 2.224 5.5 0.004 
Error 434 175.681 175.681 0.405 
  Total 476 514.013 
    
       S R-sq R-sq(adj) R-sq(pred) 
   0.636235 65.82% 62.51% 58.72%       
  
The assumption of normal residuals and the assumption of equal variances are not 
violated. The points on the normal probability plot stay close to the line, and the variance 
on the residual versus fits plot is relatively equal from the left to right. The ANOVA table 
indicates that the block effect, all of the main effects, three of the two-way interaction 
effects, one three-way interaction effect, and the four-way interaction effect are 
significant. The adjusted R-squared is 62.51%, which is much higher than the adjusted R-
squared of the analysis on K1 Translated. Therefore, the regression model on Inv K1 
Translated was selected for data analysis and interpretation. 
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The next step was to analyze the table of coefficients of the regression model on 
Inv K1 Translated. The full expanded table of coefficients on the response variable Inv 
K1 Translated is available in appendix K, table K.1. Table 4.8 summarizes the block 
effect on the response variable Inv K1 Translated. 
Table 4.8.  
Block Effect on the Response Variable Inv K1 Translated. 
Term Coef SE Coef 95% CI T-Value p-value VIF 
 
Constant 5.7289 0.0291 ( 5.6717,  5.7862) 196.59 0 
 Blocks 
      
 
1 0.123 0.127 ( -0.126,   0.372) 0.97 0.332 * 
 
2 0.017 0.127 ( -0.232,   0.265) 0.13 0.896 * 
 
3 -0.122 0.127 ( -0.370,   0.127) -0.96 0.338 * 
 
4 0.092 0.127 ( -0.157,   0.341) 0.73 0.467 * 
 
5 0.103 0.127 ( -0.146,   0.351) 0.81 0.418 * 
 
6 0.272 0.127 (  0.023,   0.521) 2.15 0.032 * 
 
7 -0.025 0.127 ( -0.274,   0.224) -0.2 0.843 * 
 
8 -0.002 0.132 ( -0.262,   0.258) -0.02 0.986 * 
 
9 -0.281 0.127 ( -0.530,  -0.032) -2.22 0.027 * 
 
10 -0.41 0.127 ( -0.659,  -0.161) -3.24 0.001 * 
 
11 0.166 0.127 ( -0.083,   0.414) 1.31 0.191 * 
 
12 0.056 0.127 ( -0.193,   0.305) 0.44 0.658 * 
 
13 0.099 0.127 ( -0.149,   0.348) 0.79 0.433 * 
 
14 0.002 0.127 ( -0.247,   0.251) 0.01 0.989 * 
 
15 -0.236 0.127 ( -0.485,   0.013) -1.87 0.063 * 
 
16 0.117 0.127 ( -0.132,   0.366) 0.92 0.357 * 
 
17 0.107 0.129 ( -0.147,   0.361) 0.83 0.409 * 
 
18 -0.01 0.127 ( -0.259,   0.239) -0.08 0.937 * 
 
19 -0.149 0.127 ( -0.397,   0.100) -1.17 0.241 * 
 
20 0.082 0.127 ( -0.167,   0.331) 0.65 0.518 * 
 
The block effect contributed to 2.44% of the error of the regression model. 
According to table 4.8, blocks 6, 9, and 10 are significant. 
Table 4.9 summarizes and ranks the coefficients of each term in the regression 




Table 4.9.  
Summary of the Coefficients of the Regression Analysis on Inv K1 Translated. 
Term Largest Coefficient p-value Rank % compared to largest factor 
Main Effects 
    
 
Tool 0.4698 0 2 88.31% 
 
Diameter 0.532 0 1 100.00% 
 
Nut 0.3366 0 4 63.27% 
 
Plate 0.1361 0 6 25.58% 
2-way Interaction 
    
 
Tool*Diameter 0.4301 0 3 80.85% 
 
Tool*Nut 0.0467 0.257 13 8.78% 
 
Tool*Plate 0.0533 0.196 12 10.02% 
 
Diameter*Nut 0.0995 0.001 8 18.70% 
 
Diameter*Plate 0.0638 0.029 9 11.99% 
 
Nut*Plate 0.0554 0.058 11 10.41% 
3-way Interaction 
    
 
Tool*Diameter*Nut 0.1664 0 5 31.28% 
 
Tool*Diameter*Plate 0.0599 0.146 10 11.26% 
 
Tool*Nut*Plate 0.0451 0.273 14 8.48% 
 
Diameter*Nut*Plate 0.0373 0.201 15 7.01% 
4-way Interaction 
      Tool*Diameter*Nut*Plate 0.1324 0.001 7 24.89% 
 
Examination of the table 4.9 reveals that Diameter has the largest coefficient, 
meaning bolt dimension produces the largest effect in the response variable Inv K1 
Translated. The next largest factor is Tool, Tool*Diameter, and Nut. The significant 
terms are Tool, Diameter, Nut, Plate, Tool*Diameter, Diameter*Nut, Diameter*Plate, 
Tool*Diameter*Nut, and the four-way interaction. The variance inflation factors in table 
K.1 are between 1 and 1.33, so correlation between factors is minimal.  
A possible cause of the significance of the term Tool is the difference in 
tightening speed between the DC tool, pulse tool, and the beam wrench. The term Tool 
has the second largest coefficient, which is 88.31% compared to the largest coefficient. 
During the experiment, the tightening speed of the DC tool was set to 575 rounds per 
minute, and the tightening speed of the pulse tool was even higher to an unknown 
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amount. However, the tightening speed of the beam wrench was only around 30 rounds 
per minute. The difference in torque coefficients due to different tightening speeds agreed 
with those of Nassar et al. (2007), Oliver and Jain (2006), and Zou et al. (2007).  
The possible causes of the significance of the term Diameter are the difference 
bolt thread pitches and the difference in the bolt flange diameter. The term Diameter has 
the largest coefficient. The M6x1.0 bolts had smaller thread pitches and flange diameter 
compared to the M8x1.25 bolts. The bearing surface area of a M6 flange bolts is 104.5 
mm
2
, while the bearing surface area of a M8 flange bolt is 176.7 mm
2
.  
The significance of the term Nut was possibly caused by the difference in coating, 
which was also found in the study done by Nassar and Zaki (2009). The term Nut has the 
fourth largest coefficient, which is 63.27% compared to the largest coefficient. The 
coated bolt and coated flange nut pair possibly had different coefficient of bearing 
friction compared to the coefficient of friction of the coated bolts and uncoated weld nut 
pair.  
One possible cause of the significance of term Plate is the different microstructure 
of the bearing surfaces of the plates. The difference in the bearing surfaces of the plates 
possibly affects the coefficient of bearing friction between the plates and the underhead 
of the bolt. The coefficient of the term Plate is 25.58% compared to the largest 
coefficient.  
The term Tool*Diameter has the third largest coefficient, which is 80.85% 
compared to the largest coefficient. The statistical significance of the term 
Tool*Diameter implies a connection between tightening speed, bolt diameter, bolt flange 
diameter, and thread pitches. One possible explanation of this interaction is that the 
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difference in tightening speed between the tool types interacts with the difference in bolt 
underhead surface area. Another possible explanation is that the difference in tightening 
speed interacts with the difference in thread pitches. 
The coefficient of the term Diameter*Nut is 18.7% compared to the largest 
coefficient. This effect could have been caused by the different coating thicknesses in the 
threads due to different thread pitches, mentioned by SIA process engineer Michael 
McCabe (personal communication, September 30, 2015). The coefficient of the term 
Diameter*Plate is small, 10.41% compared to the largest term, but is still significant. The 
significance of the term Diameter*Plate implies a possible interaction between the 
different bearing surface area of the bolt and the surface of the plate. 
The three-way interaction term Tool*Diameter*Nut has the third largest 
coefficient, which is 31.28% compared to the largest coefficient. The four-way 
interaction term Tool*Diameter*Nut*Plate has a smaller coefficient, which is 24.89% 
compared to the largest coefficient. Adequate explanations of the three-way and four-way 
interactions could not be given. The study recommends further works to be done to 
investigate the significance of these high-level interaction effects. 
The full table of fitted values for Inv K1 Translated is available in appendix I, 
table I.1. The column Fitted Value of table I.1 lists the fitted values of each term used in 
the regression model on the response variable Inv K1 Translated. The higher the fitted 
value of Inv K1 Translated, the higher the bolt preload is gained by having the same 




Figure 4.11 is the main effects plot for Inv K1 Translated. 
 
Figure 4.11. Main Effects Plot for Inv K1 Translated. 
Table 4.10 compares terms with the smallest and largest fitted value of each 
factor. 
Table 4.10.  
Comparison of Fitted Values for Inv K1 Translated. 
Source 
Inv K1 Translated 












       
 
























       
 
Tool*Diameter Pulse M8 6.881 
 




Tool*Nut DC Weld 6.284 
 




Diameter*Plate M8 Hot 6.333 
 











4.71  55.89% 
   
4-way interaction 







4.677  57.77% 




The larger the fitted value of Inv K1 Translated, the higher the bolt preload is, 
given the same torque applied. For example, the regression model predicts that, given the 
same torque applied, the pulse tool will produce 13.77% higher bolt preload on average 
than the beam wrench. For higher-level interaction, the difference between the largest and 
smallest fitted values of each term is the combination of the difference caused by the 
lower-level interaction and the difference caused by the concerned interaction. For 
example, the 35.34% difference caused by Tool*Diameter already includes the difference 
caused by Tool and the difference caused by Nut.  
Table 4.10 shows that the different bolt dimensions can cause as much as 20.47% 
increase in torque coefficients. Difference in tightening tool type can cause as much as 
13.77% increase, while difference in coating of the nuts can cause as much as 12.48% 
increase in torque coefficients. The interaction between the factors can increase the 
difference between torque coefficients even further, to 35.34% in two-level interaction, 
and to 55.89% in three-level interaction. Failure to use the correct torque coefficient in 
the bolted joint design phase can lead to severe miscalculation of the specifications for 
torque applied, ultimately leading to bolted joint failure. For example, according to the 
table 4.10, using the torque coefficient found for tightening M6 bolts using pulse tool on 
the M8 bolts tightened also by pulse tool will lead to 35.34% higher bolt preload than 
expected. 
The selected regression model for analysis and interpretation of the torque 
coefficients of the first tightening was the regression model on the response variable Inv 
K1 Translated, which is the inverse of the torque coefficients of the first tightening. The 
selected regression model has no major violation of assumptions, and has an adjusted R-
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squared of 62.51%. The significant effects of the analysis on the torque coefficients of the 
first tightening are the main effects, three of the two-way interaction effects, one three-
way interaction effect, and the four-way interaction effects of the first tightening. Out of 
the main effects, bolt dimension has the largest effects on the torque coefficients. The 
next largest main effects are nut type, tool type, and plate type. Out of the two-way 
interaction effects, Tool*Diameter has the largest effects on the torque coefficients of the 
first tightening. The next largest two-way interaction effects are Diameter*Nut and 
Diameter*Plate. One three-way interaction effect and the four-way interaction effect are 
significant, but no reasonable and practical explanations for such effects could be 
provided. Professor Mary Johnson (personal communication, November 17, 2015) and 
Bruce Craig (personal communication, November 24, 2015) commented that the 
statistical significance of three-way and four-way interactions is rare. The literature 
search also did not find any studies or theoretical construct to support the three-way and 
four-way interactions. 
The answer to the first research question is that the different factors and 
combinations have a statistically significant effect on the torque coefficients of the first 
tightening. The term causing the largest effect is bolt dimension, followed by the tool 
type, the two-way interaction between tool type and bolt dimension, and the nut type. The 
difference between bolt dimensions, on average, causes 20.47% increase in torque 
coefficients. The interaction between tool type and bolt dimension, on average, can cause 
as much as 35.34% increase in torque coefficients. The extent to which the statistically 
significant effects are also practically significant depends on the specific bolted joint of 
interest. For example, using the wrong torque coefficients on a bolted joint that, in reality, 
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has a 35% higher torque coefficient than expected, can lead to chronic bolt loosening 
problems. The frequency and severity of the problems in the mentioned example depends 
on several other factors not studied by this thesis, such as bolt relaxation and interaction 
with other components. 
The analysis of the torque coefficients of the first tightening section discussed the 
general factorial regression analysis done on the variables K1 Original and K1 
Translated. The section then discussed the inverse transformation of K1 Original and K1 
Translated. The section also discussed the interpretations and explanations of the data 
analysis results. The next section presents the analysis of the variance between runs of the 
torque coefficients of the first tightening. 
 
4.4 Analysis of the Variance between Runs of the Torque Coefficients of the First 
Tightening 
This section discusses the analysis of the variance between runs of the torque 
coefficients of the first tightening to answer the second research question. 
The second research question of the study was: 
2. What are the effects of the factors and their combinations on the variance of K1, 
from one bolt to the next? 
The second research question of this thesis is concerned with understanding the 
effects of the four factors and their combinations on the variance between runs of the 
torque coefficients of the first tightening. Understanding which combinations of factors 
produce the least amount of variation, from one bolt to the next, can help bolted joint 
designer improve the quality and reliability of bolted joints. Minimizing variations of the 
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torque coefficients between runs can lead to fewer defects from bolt loosening or 
overtightening, and can reduce overdesigning of bolted joints. 
The Purdue Statistical Consulting Service (Y. Li, personal communication, 
November 24, 2015) advised the researcher to conduct the test of equal variances on 
Minitab 17 on the response variable K1 Translated. The full Minitab output of the test is 
available in Appendix L as table L.1. Figure 4.12 presents the multiple comparison 
intervals of the variance of K1 Translated versus the 24 combinations. 
 
Figure 4.12. Multiple Comparison Intervals for Standard Deviations of K1 Translated 
  



















































Test for Equal Variances: K1 Translated vs Tool, Diameter, Nut, Plate
Multiple comparison intervals for the standard deviation, α = 0.05
If intervals do not overlap, the corresponding stdevs are significantly different.
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Table 4.11 presents the results of the test of equal variances. 
Table 4.11.  
Summary of Test of Equal Variances on K1 Translated 
Combination Tool Bolt Nut Plate Count St Dev Rank 
1 DC M6 Flange Hot 20 0.02086 15 
2 DC M6 Flange Cold 20 0.02664 20 
3 DC M6 Weld Hot 20 0.01214 1 
4 DC M6 Weld Cold 20 0.02041 13 
5 DC M8 Flange Hot 19 0.02226 17 
6 DC M8 Flange Cold 20 0.02091 16 
7 DC M8 Weld Hot 20 0.01838 12 
8 DC M8 Weld Cold 20 0.01517 7 
9 Pulse M6 Flange Hot 20 0.03225 22 
10 Pulse M6 Flange Cold 20 0.02045 14 
11 Pulse M6 Weld Hot 20 0.01675 8 
12 Pulse M6 Weld Cold 20 0.01837 11 
13 Pulse M8 Flange Hot 20 0.01753 10 
14 Pulse M8 Flange Cold 20 0.01282 3 
15 Pulse M8 Weld Hot 20 0.01364 5 
16 Pulse M8 Weld Cold 20 0.01361 4 
17 Beam M6 Flange Hot 20 0.05413 24 
18 Beam M6 Flange Cold 20 0.03267 23 
19 Beam M6 Weld Hot 20 0.01245 2 
20 Beam M6 Weld Cold 20 0.02906 21 
21 Beam M8 Flange Hot 19 0.0149 6 
22 Beam M8 Flange Cold 19 0.01678 9 
23 Beam M8 Weld Hot 20 0.0224 18 
24 Beam M8 Weld Cold 20 0.02375 19 
 
The p-values for both test methods, Bonferroni’s method and Levene’s method, 
are less than 0.05, meaning at least one of the comparison intervals do not overlap with 
each other. The multiple comparison intervals shown on figure 4.12 are 99.79% 
confident. Due to the four-way interaction effect having a significant effect on the 
variance K1 Translated, analyzing the lower-level interaction effects on the variance of 
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K1 Translated will not be informative (Li Y., personal communication, November 24, 
2015). The effects of the lower-level interactions on the variance of K1 Translated 
depend on the levels of other factors. Table 4.12 summarizes the mean, the standard 
deviation, and the percentage of the standard deviation to mean for each of the 24 
combinations. 
Table 4.12.  
Data Summary on K1 Translated 
Terms 
K1 Translated 
Mean 95% CI for Mean St Dev % of St Dev to 
Mean 




DC M6 Flange Hot 0.1848 (0.176,0.194) 0.02086 11.29% 
 
DC M6 Flange Cold 0.2054 (0.194,0.217) 0.02664 12.97% 
 
DC M6 Weld Hot 0.1744 (0.169,0.18) 0.01214 6.96% 
 
DC M6 Weld Cold 0.1932 (0.184,0.202) 0.02041 10.57% 
 
DC M8 Flange Hot 0.1716 (0.162,0.182) 0.02226 12.97% 
 
DC M8 Flange Cold 0.1669 (0.158,0.176) 0.02092 12.53% 
 
DC M8 Weld Hot 0.1376 (0.13,0.146) 0.01838 13.36% 
 
DC M8 Weld Cold 0.1491 (0.143,0.156) 0.01517 10.17% 
 
Pulse M6 Flange Hot 0.2047 (0.191,0.219) 0.03225 15.75% 
 
Pulse M6 Flange Cold 0.2043 (0.195,0.213) 0.02045 10.01% 
 
Pulse M6 Weld Hot 0.1865 (0.179,0.194) 0.01675 8.98% 
 
Pulse M6 Weld Cold 0.2011 (0.193,0.209) 0.01837 9.13% 
 
Pulse M8 Flange Hot 0.1538 (0.146,0.161) 0.01753 11.40% 
 
Pulse M8 Flange Cold 0.1608 (0.155,0.166) 0.01282 7.97% 
 
Pulse M8 Weld Hot 0.1367 (0.131,0.143) 0.01364 9.98% 
 
Pulse M8 Weld Cold 0.1382 (0.132,0.144) 0.01361 9.85% 
 
Beam M6 Flange Hot 0.2212 (0.197,0.245) 0.0541 24.46% 
 
Beam M6 Flange Cold 0.2183 (0.204,0.233) 0.03267 14.97% 
 
Beam M6 Weld Hot 0.1669 (0.161,0.172) 0.01245 7.46% 
 
Beam M6 Weld Cold 0.1963 (0.184,0.209) 0.02906 14.81% 
 
Beam M8 Flange Hot 0.1964 (0.19,0.203) 0.0149 7.59% 
 
Beam M8 Flange Cold 0.2024 (0.195,0.21) 0.01678 8.29% 
 
Beam M8 Weld Hot 0.1811 (0.171,0.191) 0.0224 12.37% 
  Beam M8 Weld Cold 0.177 (0.167,0.187) 0.02375 13.42% 
 
The sample standard deviation of each of the 24 combinations ranges from 
0.01214 to 0.05413. The percentage of the standard deviation compared to the mean 
108 
 
ranges from 6.96% to 24.46%. Bickford (2007) states that the torque coefficient can have 
a 3σ scatter of as much as 30% of the nominal value. The results shown in table 4.12 
indicate that, in the experiment, the 3σ scatter of the torque coefficients ranged from 
20.88% to more than 40% of the nominal value. 
According to the results of the test of equal variances, the combinations Beam M6 
Flange Hot and Beam M6 Flange Cold is statistically different from the majority of the 
other combinations. The study recommends further works to be done on the two 
aforementioned combinations to verify and understand the effects of these combinations 
on the variance of K1 Translated. Twenty-two other combinations, out of twenty-four 
combinations, are not statistically different from each other. Therefore, the results do not 
indicate which combination produces the least amount of variance.  
The answer to the second research question is that at least one of the twenty-four 
combinations has a statistically significant effect on the variance between runs of the 
torque coefficients of the first tightening. However, the results of the test of equal 
variances do not indicate which combination produces the least amount of variance, and 
which combination produces the most amount of variance. 
The section discussed the analysis of the variance between runs of the torque 
coefficients of the first tightening to answer the second research question. The next 
section discusses the analysis of the relationship between the torque coefficients of the 




4.5 Analysis of the Relationship between the Torque Coefficients of the First and 
Second Tightening 
The section discusses the analysis of the relationship between the torque 
coefficients of the first and second tightening. 
The third research question of the study was: 
3. What are the effects of the factors and their combinations on the relationship 
between the torque coefficients of the first tightening (K1) and the torque 
coefficients of the second tightening (K2) of the same bolted joint? 
To answer the third research question, the researcher starts with analyzing the 





Figure 4.13. Graphical Summary of K2 Original. 
The histogram in figure 4.13 indicated that K2 Original does not follow a normal 
distribution. Judgments from the summary of K2 Original cannot be made, because K2 
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Summary Report for K2 Original
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Figure 4.14 illustrates the graphical summary of K2 Translated. 
 
Figure 4.14. Graphical Summary of K2 Translated. 
The histogram in figure 4.14 indicated that K2 Translated does not follow a 
normal distribution. The tail of the data is on the right side, indicating that the outliers are 
under-tightened bolts. The mean is 0.17232, which is 4.4% smaller than the mean of K1 
Translated, meaning that average bolt gained about 4.6% bolt preload during the second 
tightening when the same torque is applied. This finding disagrees with the findings of 
Nassar et al. (2007), Oliver and Jain (2006), and Zou et al. (2007), who found that the 
torque coefficient decreased with subsequent tightening. The reduction to the torque 
coefficients from subsequent tightening could have been caused impurities, such as dirt 
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Summary Report for K2 Translated
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washed away some of the impurities, providing smoother surfaces for the second 
tightening. Unlike the materials of the experiment of this thesis, the materials of the 
experiments of Nassar et al. (2007), Oliver and Jain (2006), and Zou et al. (2007) were 
cleaned using ultrasound and acetone. 
 The standard deviation of the data, however, is about 20.6% of the mean, which 
is higher than originally expected. The literature search suggested that the standard 
deviation of the torque coefficients to be around 10% of the mean. The higher standard 
deviation can be attributed to the involvement of 24 different combinations. Figure 4.15 
is the scatterplot of K2 Translated vs K1 Translated. 
 
Figure 4.15. Scatterplot of K2 Translated vs K1 Translated. 
Minitab 17 output shows that the Pearson correlation of K1 Translated and K2 

















Scatterplot of K2 Translated vs K1 Translated
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correlation and the low p-value indicate that there is high correlation between the torque 
coefficients of the first tightening and the second tightening.  
Without considering the torque coefficients of the first tightening, considering the 
torque coefficients of the second tightening is impractical. The second tightening does 
not happen without the first tightening occurring. The high correlation between K1 
Translated and K2 Translated also implies the possibility that the value of K2 Translated 
depends on the value of K1 Translated.  Therefore, the next step was to create a column 
to pair the torque coefficients of the first and second tightening in the data analysis table: 
- K1 – K2 Translated = K1 Translated – K2 Translated 




Figure 4.16 is the Minitab 17 graphical summary of K1 – K2 Translated. 
 
Figure 4.16. Graphical Summary of K1 – K2 Translated. 
The histogram in figure 4.16 indicated that K1 – K2 Translated does not follow a 
normal distribution. Outliers are on both tails. The mean is 0.007977, and the 95% 
confidence interval for the mean does not include zero. Hence, on average, the second 
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Figure 4.17 illustrates the graphical summary of K1 / K2 Translated. 
 
Figure 4.17. Graphical Summary of K1 / K2 Translated. 
The histogram in figure 4.17 indicates that K1 / K2 Translated does not follow a 
normal distribution. The tail of the data is on the right side. The mean is 1.0575, and the 
95% confidence interval for the mean does not include 1. Hence, on average, the second 
tightening gains bolt preload, given the same torque. 
Next, a general factorial regression analysis tool on Minitab 17 on the response 
variable K1 – K2 Translated was conducted. Figure 4.18 presents the residual plots of the 
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Table 4.13 is the ANOVA table of the regression analysis. 
Table 4.13.  
ANOVA Table for Regression Analysis on K1 – K2 Translated. 
Source DF Seq SS Adj SS Adj MS F-Value p-value 
Blocks 19 0.003804 0.00381 0.000201 0.62 0.895 
Tool 2 0.00077 0.000739 0.00037 1.14 0.322 
Diameter 1 0.003565 0.003326 0.003326 10.22 0.001 
Nut 1 0.013676 0.013964 0.013964 42.91 0 
Plate 1 0.000098 0.000097 0.000097 0.3 0.585 
Tool*Diameter 2 0.006128 0.005911 0.002956 9.08 0 
Tool*Nut 2 0.019618 0.019821 0.009911 30.45 0 
Tool*Plate 2 0.000285 0.000294 0.000147 0.45 0.637 
Diameter*Nut 1 0.003888 0.003937 0.003937 12.1 0.001 
Diameter*Plate 1 0.000025 0.000024 0.000024 0.07 0.788 
Nut*Plate 1 0.000269 0.000262 0.000262 0.81 0.37 
Tool*Diameter*Nut 2 0.002107 0.002098 0.001049 3.22 0.041 
Tool*Diameter*Plate 2 0.001046 0.001037 0.000518 1.59 0.205 
Tool*Nut*Plate 2 0.001046 0.001032 0.000516 1.59 0.206 
Diameter*Nut*Plate 1 0.001102 0.001108 0.001108 3.41 0.066 
Tool*Diameter*Nut*Plate 2 0.000944 0.000944 0.000472 1.45 0.236 
Error 434 0.141246 0.141246 0.000325 
  Total 476 0.199616 
    
       S R-sq R-sq(adj) R-sq(pred) 
   0.0180403 29.24% 22.39% 14.56%       
 
 
The residual plots have two major violations of assumptions: normality of 
residuals and equal variances. The points on the normal probability plot do not entirely fit 
on the line. The variance on the residual versus fits plot expands from the left to the right 
side. The ANOVA table indicates that the two of the main effects, three of the two-way 
interaction effects, and one three-way interaction effect are significant. The adjusted R-
squared was 22.39%. 
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Then a general factorial regression analysis on the response variable K1 / K2 
Translated was conducted. Figure 4.19 presents the residual plots of the general factorial 
regression analysis on K1 / K2 Translated.  
 




Table 4.14 is the analysis of variance (ANOVA) table of the regression analysis. 
Table 4.14.  
ANOVA Table for Regression Analysis on K1 / K2 Translated. 
Source DF Seq SS Adj SS Adj MS F-Value p-value 
Blocks 19 0.12871 0.12593 0.006628 0.67 0.85 
Tool 2 0.02592 0.02279 0.011397 1.15 0.318 
Diameter 1 0.28526 0.27 0.270001 27.25 0 
Nut 1 0.6365 0.6508 0.650798 65.67 0 
Plate 1 0.00407 0.00392 0.003925 0.4 0.529 
Tool*Diameter 2 0.24753 0.23853 0.119263 12.03 0 
Tool*Nut 2 0.74749 0.75697 0.378487 38.19 0 
Tool*Plate 2 0.01326 0.01368 0.006842 0.69 0.502 
Diameter*Nut 1 0.24598 0.24898 0.248983 25.12 0 
Diameter*Plate 1 0.00423 0.00404 0.004042 0.41 0.523 
Nut*Plate 1 0.00155 0.00142 0.001416 0.14 0.706 
Tool*Diameter*Nut 2 0.12058 0.12039 0.060196 6.07 0.003 
Tool*Diameter*Plate 2 0.052 0.05135 0.025677 2.59 0.076 
Tool*Nut*Plate 2 0.03273 0.03249 0.016244 1.64 0.195 
Diameter*Nut*Plate 1 0.04392 0.04425 0.044254 4.47 0.035 
Tool*Diameter*Nut*Plate 2 0.03851 0.03851 0.019254 1.94 0.145 
Error 434 4.30091 4.30091 0.00991 
  Total 476 6.92916 
    
       S R-sq R-sq(adj) R-sq(pred) 
   0.0995487 37.93% 31.92% 25.05%       
 
The violations of the assumption of normality of residuals and the assumption of 
equal variances are less severe, when compared to the residual plots of the general 
factorial regression analysis on K1 – K2 Translated. The normal probability plot in figure 
4.19 reveals that two observations, run number 30 and run number 236, are major outliers 
that influence the results. However, there was no reasonable cause to eliminate run 30 
and run 236, after reviewing all the data entries. The ANOVA table indicates that the 
main effects, three of the two-way interaction effects, one three-way interaction effect, 
and the four-way interaction effect are significant. The adjusted R-squared was 31.92%. 
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The regression model on K1 / K2 Translated has a better adjusted R-squared and 
better residual plots than those of the regression model on K1 – K2 Translated. Hence, 
the regression model on K1 / K2 Translated was selected for data analysis and 
interpretation. The R-squared of both regression models are less than 40%, likely because 
the involvement of two response variables, instead of one. Due to the low R-squared and 
the substantial violations of assumptions, the regression model on K1 / K2 Translated is 
unreliable to an unknown extent. Caution was necessary to interpret the results from the 
table of coefficients of the regression model on K1 / K2 Translated. Furthermore, the 
practical value of knowing the torque coefficients of the second tightening is significant 
less than the value of knowing the torque coefficients of the first tightening. Second 
tightening does indeed happen on the production line, but SIA process engineer Michael 
McCabe estimated them to happen less than 0.5% of the time in the SIA body and trim 
shop (personal communication, November 11, 2015). 
The next step was to analyze the table of coefficients and the effect plots. The 
analysis did not the statistically insignificant terms, such as the block effect and the four-







   
Table 4.15 summarizes and ranks the coefficients of each term in the regression 
model on the response variable K1 / K2 Translated. The full table of coefficients is 
available in Appendix L as table L.1. 
Table 4.15.  
Summary of the coefficients of the response variable K1 / K2 Translated. 
Factor Largest Coefficient p-value Rank % compared to largest factor 
Main Effects 
    
 
Tool 0.00945 0.144 11 19.44% 
 
Diameter 0.0238 0 4 48.95% 
 
Nut 0.03695 0 2 76.00% 
 
Plate 0.00287 0.529 14 5.90% 
2-way Interaction 
    
 
Tool*Diameter 0.03145 0 3 64.69% 
 
Tool*Nut 0.04862 0 1 100.00% 
 
Tool*Plate 0.00715 0.269 12 14.71% 
 
Diameter*Nut 0.02286 0 5 47.02% 
 
Diameter*Plate 0.00291 0.523 13 5.99% 
 
Nut*Plate 0.00172 0.706 15 3.54% 
3-way Interaction 
    
 
Tool*Diameter*Nut 0.02093 0.001 6 43.05% 
 
Tool*Diameter*Plate 0.01284 0.047 7 26.41% 
 
Tool*Nut*Plate 0.01127 0.081 9 23.18% 
 
Diameter*Nut*Plate 0.00963 0.035 10 19.81% 
4-way Interaction 





Figure 4.20 is the main effects plot of the selected regression model. 
 
Figure 4.20. Main Effects Plot for K1 / K2 Translated. 
The full table of fitted values for K1 / K2 translated is available in Appendix J as 
table J.1. Table 4.16 compares terms with the smallest and largest fitted value of each 
factor. 
Table 4.16.  
Comparison of Fitted Values for K1 / K2 Translated. 
Source 
K1 / K2 Translated 
Largest Fitted Value   Smallest Fitted Value   Largest % 
more than 
Smallest 
Term Fitted Value   Term Fitted Value   
Main Effect 
       
 












       
 
Tool*Diameter Beam M8 1.109 
 




Tool*Nut Beam Weld 1.153 
 




Diameter*Nut M8 Weld 1.14 
 











0.979  26.51% 







1.008  14.54% 




The larger the fitted value of K1 / K2 Translated, the higher the bolt preload of 
the first tightening is, given the same torque applied, compared to the bolt preload of the 
second tightening on the same bolted joint. For example, the regression model predicts 
that K1 / K2 Translated of Weld is 1.0941. This means that given the same torque 
applied, the bolt preload of the first tightening on the weld nut will be 9.41% higher than 
the bolt preload of the second tightening, on the same bolted joint. The ideal value of K1 
/ K2 Translated is 1, meaning that there is no bolt preload gain or losses with the first or 
second tightening. However, due to the low adjusted R-squared and the substantial 
violations of the assumptions, the regression model is not reliable. Therefore, the results 
of table 4.15 and table 4.16 are not reliable. 
Examination of the Table 4.15 reveals that Tool*Nut has the largest coefficient, 
meaning that bolt dimension produces the largest effect in the response variable K1 / K2 
Translated. The next largest factor is Nut, Tool*Diameter, Diameter, Diameter*Nut, 
Tool*Diameter*Nut. The significant terms are Diameter, Plate, Tool*Diameter, 
Tool*Nut, Diameter*Nut, and Tool*Diameter*Nut. One coefficient of Tool*Nut*Plate is 
significant, but the term is not significant, according to the table 4.13. The variance 
inflation factors in table L.1 are between 1 and 1.33, so correlation between factors is 
minimal. 
The literature search revealed that subsequent tightening on the same bolted joint 
can cause the torque coefficients to change, but typically to increase. The increase in the 
torque coefficients lead to the decrease in bolt preload, given the same torque applied. 
The data analysis of the experiment of this thesis indicates that the torque coefficients of 
the second tightening, on average, are 5.75% higher than the torque coefficients of the 
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first tightening. This means that the bolted joints gain bolt preload on the second 
tightening, given the same torque applied. A possible cause of this increase in bolt 
preload is that the first tightening cleans off the impurities found in the bolts, nuts, and 
plates, reducing the friction on the second tightening. 
The term Tool is not significant, which agrees with the findings of Nassar et al. 
(2007) and Zou et al. (2007) in that the effects of subsequent tightening are lower on the 
torque coefficients when high speed tightening is involved. The term Plate is also not 
significant. The term Nut is significant, and has the second largest coefficient, which is 
76% compared to the largest coefficient. The coated bolt and coated flange nut pair 
possibly had different coefficient of bearing friction compared to the coefficient of 
friction of the coated bolts and uncoated weld nut pair. Nassar et al. (2007) and Zou et al. 
(2007) found that subsequent tightening has smaller effects on the second tightening 
when comparing coated bolts versus uncoated bolts.  
The term Diameter has the fourth largest coefficient, which is 48.95% compared 
to the largest coefficient. One possible cause of the significance of the term Diameter is 
the difference in bolt thread pitches as well as the difference in the bolt flange diameter. 
The M6x1.0 bolts had smaller thread pitches and flange diameter compared to the 
M8x1.25 bolts. The bearing surface area of a M6 flange bolts is 104.5 mm
2
, while the 
bearing surface area of a M8 flange bolt is 176.7 mm
2
. The difference in thread pitches 
and bearing surface area can possibly cause different surface wearing on the threads and 




The term Tool*Nut has the largest coefficient. One possible explanation for the 
significance of the term Tool*Nut is that the combination of tightening speed and 
coating, together, change the effects of subsequent tightening on the torque coefficients. 
The term Tool*Diameter has the third largest coefficient, which is 64.69% compared to 
the largest coefficient. The term Diameter*Nut has the fifth largest coefficient, which is 
47.02% compared to the largest coefficient. No explanation is provided for the 
significances of the terms Tool*Diameter and Diameter*Nut. Notably, attempting to 
explain a two-way interaction effect on K1 / K2 Translated is equivalent to attempting to 
explain a three-way interaction effect on K1 Translated. Even though only one response 
variable, K1 / K2 Translated, is involved, the explanation of the two-way interaction 
effect has to take into account both K1 and K2, complicating the explanation and 
interpretation. 
The selected regression model to answer the third research question is the 
regression model on the response variable K1 / K2 Translated, which is the ratio between 
the torque coefficients of the first and second tightening of the same bolt. The selected 
regression model has a substantial violation of the assumptions of normal residual and 
constant variance, and has a low adjusted R-squared of 31.92%. The significant effects 
are two of the main effects, three of the two-way interaction effects, and two of the three-
way interaction effect. The significant main effects are bolt dimension and nut type. The 
significant two-way interaction effects are the interaction between tool type and bolt 
dimension, tool type and nut type, and bolt dimension and nut type. Two of the three-way 
interaction effects are significant. No reasonable explanation was provided for the 
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significance of the two-way, three-way, and four-way interaction effects. The study 
recommends further works to be done to investigate the higher-level interactions. 
The answer to the third research question is that the different factors and 
combinations have a statistically significant effect on the relationship between the torque 
coefficients of the first and second tightening of the same bolt. The terms causing the 
largest effects are the two-way interaction between tool type and nut type, and the nut 
type. Different combinations of tool and nut types can cause a shift in the relationship 
between K1 and K2 by as much as 17.53%. Different nut types can cause a shift in the 
relationship between K1 and K2 by as much as 7.24%. The extent to which the 
statistically significant effects are also practically significant depends on the specific 
bolted joint of interest. Second tightening happens less than 0.5% of the time (M. 
McCabe, personal communication, November 11, 2015). Therefore, from the 
perspectives of the automakers, knowing the effects of the factors and their combinations 
on the relationship between K1 and K2 is not as valuable as knowing the effects of the 
factors on K1 alone. 
The section discussed the analysis of the relationship between the torque 
coefficients of the first and second tightening. The next section summarizes the data 
analysis chapter. 
 
4.6 Summary of Data Analysis 
The answer to the first research question is that the different factors and 
combinations have a statistically significant effect on the torque coefficients of the first 
tightening. The term causing the largest effect is bolt dimension, followed by the tool 
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type, the two-way interaction between tool type and bolt dimension, and the nut type. The 
selected regression model to answer the first research question is valid and reliable. The 
difference between bolt dimensions, on average, causes 20.47% increase in torque 
coefficients. The interaction between tool type and bolt dimension, on average, can cause 
as much as 35.34% increase in torque coefficients. 
The answer to the second research question is that at least one of the twenty-four 
combinations has a statistically significant effect on the variance between runs of the 
torque coefficients of the first tightening. However, results of the test of equal variances 
do not indicate which combination produces the least amount of variance, and which 
combination produces the most amount of variance.  
The answer to the third research question is that the different factors and 
combinations have a statistically significant effect on the relationship between the torque 
coefficients of the first and second tightening of the same bolt. The terms causing the 
largest effects are the two-way interaction between tool type and nut type, and the nut 
type. The selection regression model to answer the third research question has substantial 
violations of assumptions and a low adjusted R-squared. Different combinations of tool 
and nut types can cause a shift in the relationship between K1 and K2 by as much as 
17.53%. Different nut types can cause a shift in the relationship between K1 and K2 by as 
much as 7.24% 
The data analysis chapter discussed the translation of the force washer readouts 
into the translated force values used for data analysis. The chapter also discussed the 
analysis of the torque coefficients of the first tightening to answer the first research 
question. The chapter discussed the analysis of the variance between runs of the torque 
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coefficients of the first tightening to answer the second research question. The chapter 
also discussed the analysis of the relationship between torque coefficients of the first and 
second tightening, to answer the third research question. The next chapter, Chapter Five, 









CHAPTER 5. CONCLUSIONS 
5.1 Summary to the Thesis 
The thesis investigated the effects of four different factors and their combinations 
on the torque coefficients of the first and second tightening of bolted joints. The thesis 
involved conducting a general full-factorial experiment with randomized blocks on 20 
replications. The responses of the study were the torque coefficients of the first and 
second tightening of each bolt. The four factors were tightening tool type, bolt dimension, 
nut type, and plate type. The three tightening tool types were DC electric tool, air pulse 
tool, and beam wrench. The two bolt dimensions were M6x1.0 flange bolts and M8x1.25 
flange bolts. The two nut types were coated flange nuts and uncoated weld nuts. The two 
plate types were hot-rolled sheet steel plates and cold-rolled sheet steel plates. The torque 
coefficients were calculated indirectly through measuring the torque applied and bolt 
preload. The torque applied was given by the tightening tool used, while the bolt preload 
was measured using a force washer. The force washer readouts were translated through a 
force test conducted after the experiment, by using a quadratic regression equation. The 
torque coefficients were then calculated and analyzed. The statistical test employed to 
answer the first and third research questions was general factorial regression analysis. 
The statistical test employed to answer the second research question was the Bonferroni 
multiple comparison test of equal variances. 
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The conclusion chapter presents the significance of the study and answers the 
three research questions. The conclusion chapter also includes the recommendations for 
future work and the reflections of the study. 
 
5.2 The Research Questions 
The three research questions of the study included: 
1. What are the effects of the factors and their combinations on the torque 
coefficients of the first tightening (K1)? 
2. What are the effects of the factors and their combinations on the variance of K1, 
from one bolt to the next? 
3. What are the effects of the factors and their combinations on the relationship 
between the torque coefficients of the first tightening (K1) and the torque 
coefficients of the second tightening (K2) of the same bolted joint? 
 
5.3 Significance of the Study 
The study found that the four different factors and their combinations had 
statistically significant effects on the mean and variances of the torque coefficients of the 
first tightening. The extent to which the statistically significant effects are also practically 
significant depends upon the specific bolted joint of interest. The study recommends 
using the findings, which were discussed extensively in sections 4.3, 4.4 and 4.5, to better 
understand the bolted joint design process. Better understanding of the torque coefficient 
will lead to more effective bolted joint designs, more reliable bolted joint assembly 
processes, and higher safety of final products. 
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5.4 Answers to the Research Questions 
The answer to the first research question is that the different factors and 
combinations have a statistically significant effect on the torque coefficients of the first 
tightening. The term causing the largest effect is bolt dimension, followed by the tool 
type, the two-way interaction between tool type and bolt dimension, and the nut type. The 
selected regression model to answer the first research question is valid and reliable. The 
study recommends future work be done to investigate the statistical significance of the 
three-way and four-way interactions. Professor Mary Johnson (personal communication, 
November 17, 2015) and Bruce Craig (personal communication, November 24, 2015) 
both agreed on the rarity of the statistical significance of three-way and four-way 
interactions. The literature search also did not find any studies or theoretical construct to 
support the three-way and four-way interactions. Professor Mary Johnson (personal 
communication, December 7, 2015) commented that statistically significant 4-way 
interactions are very rare, especially in the presence of no known theoretical constructs to 
support high-order interactions. One of several potential explanations is that there may be 
other unknown (lurking) variables present in the study. 
The selected regression model for the first research question predicts that, on 
average, the pulse tool produces 13.77% higher bolt preload than beam wrench does, 
given the same torque applied. The model also predicts that, on average, the M8 bolts 
have 20.47% higher torque coefficients than the M6 bolts do. Comparing nut types, the 
weld nuts have 12.48% higher bolt preload than the flange nuts do, given the same torque 
applied. However, the difference in torque coefficients between M6 and M8 bolts 
predicted by the selected regression model in this study can be different in other bolted 
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joint assemblies, due to the interaction of the factor bolt dimension with other factors. For 
example, the selected regression model for the first research question predicts that, when 
using DC tools, M8 bolts have 22.27% higher bolt preload than M6 bolts given the same 
torque applied. However, when using pulse tools, M8 bolts have 35.33% higher bolt 
preload given the same torque applied, and when using beam wrenches, M8 bolts have 
3.95% higher torque coefficients.  
Furthermore, the study used materials commonly used in SIA bolted joint 
assembly processes, which involve flange bolts, flange nuts, and weld nuts. Bolted joint 
assemblies in other automotive production line or other industries do not necessarily use 
the mentioned type of bolts and nuts. Therefore, the study recommends future bolted joint 
designs and design revisions to experimentally obtain torque coefficients specifically for 
each bolted joint. Bickford (2007) states that the torque coefficients measured from a 
prototype joint in a laboratory can differ significantly from the torque coefficients on the 
production line. Hence, the study recommends the torque coefficients be obtained 
directly from the production line, if possible. 
The answer to the second research question is that at least one of the twenty-four 
combinations has a statistically significant effect on the variance between runs of the 
torque coefficients of the first tightening. However, the study cannot conclude which 
combination produces the least amount of variance, and which combination produces the 
most amount of variance. The results in table 4.12 indicate the percentage of the sample 
standard deviation compared to the sample mean ranges from 6.96% to 24.46%, which 
means the 3σ scatter ranges from 20.88% to 73.38% of the nominal value. Bickford 
(2007) states that the torque coefficient can have a 3σ scatter of as much as 30% of the 
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nominal value. Due to the difference between the 3σ scatters of the 24 combinations 
found in the experiment, the study recommends the variance between runs be 
experimentally obtained for each bolted joint assembly. 
The answer to the third research question is that the different factors and 
combinations have a statistically significant effect on the relationship between the torque 
coefficients of the first and second tightening of the same bolt. The terms causing the 
largest effects are the two-way interaction between tool type and nut type, and the nut 
type. The selection regression model to answer the third research question is invalid, due 
the violations of assumptions. Therefore, the study recommends a different approach to 
answer the third research question.  
 
5.5 Recommendations for Future Works 
The study recommends future work on the torque coefficients of the first 
tightening to consider other factors. Factors include different tightening speed of the 
tools, different bolt types, different coating types, and/or different coating thickness. The 
study also recommends that different types of joint members be considered, given that the 
effect of the factor plate type was statistically significant in this study. The study also 
recommends further work be done to investigate the three-way and four-way interaction 
effects found in the data analysis to answer the first research question. The statistical 
significance of the high-order interactions indicates that the interactions did not happen 
by chance. 
The findings of the data analysis to answer the second research question found 
that the percentage of the sample standard deviation compared to the sample mean ranged 
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from 6.96% to 24.46%. Bickford (2007) states that the torque coefficient can have a 3σ 
scatter of as much as 30% of the nominal value. The results shown in table 4.12 indicate 
that, in the experiment, the 3σ scatter of the torque coefficients ranged from 20.88% to 
more than 40% of the nominal value. Therefore, the study also recommends future 
experiments, with industrial tightening tools and materials, to be completed to investigate 
and possibly minimize the variance between runs of the torque coefficients. Reduction of 
the variance between runs of the torque coefficients can lead to fewer defects in bolted 
joint assembly, improving the quality reliability of the final products. 
The experiment of this study employed the tightening tools and materials 
commonly used in SIA bolted joint assembly processes. Bolted joint assemblies in other 
automotive production line or other industries do not necessarily have the same 
tightening tool configurations and materials type. The differences between different tool 
types, different bolt dimensions, and different nut types of this study may not apply to 
other bolted joint assemblies, due to the differences in other factors. Therefore, the study 
recommends future bolted joint designs and design revisions to experimentally obtain 
torque coefficients specifically for each bolted joint. Bickford (2007) states that the 
torque coefficients measured from a prototype joint in a laboratory can differ 
significantly from the torque coefficients on the production line. Hence, the study 





5.6 Reflections of the Study 
The thesis acknowledges two shortcomings of the study. The first shortcoming 
was that, the selected KMR force washer, which was designed to measure bolt preloads 
of M10 bolts, but not M6 and M8 bolts. The KMR force washers for M6 and M8 bolts 
were unavailable for purchase from the force washer supplier, and the lead times were 
too long to complete the study. The second shortcoming of study was incompatibility of 
the force washer reading unit to the KMR force washer. The force readouts were 
incorrect, prompting the researcher to conduct a force test to translate the force readouts. 
The force readout translate have possibly added an unknown amount of variation to the 
results. 
The conclusion chapter presented the summary of the thesis. The conclusion 
chapter also discussed the significance of the study and presented the answers to the three 
research questions. The conclusion chapter also included the recommendations for future 
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Appendix A: Bolted Joint Fixture Drawing 
 





Appendix B: Experiment Data Table 
 
This table had two irrelevant columns, StdOrder and PtType, removed to save 
space. For explanations of the column headers Tool, Diameter, Nut, and Plate, refer to 
table 3.1. The following list contains and explains the other column headers used in table 
B.1: 
- Torque 1: the recorded torque applied from the first tightening. 
- Force Readout 1: the recorded force washer readout from the first 
tightening. 
- Translated Force 1: the translated force value of the first tightening, 
explained in section 4.2. 
- Torque 2: the recorded torque applied from the second tightening. 
- Force Readout 2: the recorded force washer readout from the second 
tightening. 
- Translated Force 2: the translated force value of the second tightening, 
explained 
Table B.1.  
Experiment Data Table. 
Run 
Order 












1 10 DC M6 Flange Hot 10.01 5224 10.09 4900 
 
2 10 Pulse M8 Weld Cold 27.1 17292 26.6 18344 
 
3 10 Beam M6 Flange Hot 9.96 3280 10.28 4495 
 
4 10 Beam M6 Weld Hot 10.02 6196 10.34 7006 
 
5 10 Pulse M6 Flange Cold 10.1 5548 10.6 5629 
 
6 10 Beam M8 Flange Hot 25.1 11865 25.95 14781 
 
7 10 DC M8 Weld Hot 25.22 15996 25.33 19883 
 


















9 10 Pulse M8 Weld Hot 27.7 18587 26.3 19397 
 
10 10 Pulse M8 Flange Hot 27.8 15186 27.6 15186 
 
11 10 Beam M8 Weld Hot 25.05 10326 25.55 15105 
 
12 10 DC M8 Flange Hot 25.51 15591 25.6 16077 
 
13 10 Pulse M6 Weld Hot 11.1 6520 10.7 6439 
 
14 10 DC M8 Flange Cold 25.27 12918 25.21 14700 
 
15 10 Pulse M6 Flange Hot 10.2 5143 10.1 5791 
 
16 10 Beam M8 Weld Cold 26.7 14295 25.95 19721 
 
17 10 Beam M8 Flange Cold 25.75 10812 25.35 9759 
 
18 10 DC M6 Weld Cold 10.12 5629 10.05 5629 
 
19 10 DC M6 Weld Hot 10.09 6925 10.06 6925 
 
20 10 DC M8 Weld Cold 25.38 14214 25.26 14214 
 
21 10 Beam M6 Weld Cold 10.14 5710 10.86 6520 
 
22 10 Pulse M8 Flange Cold 27.3 15753 28.1 18020 
 
23 10 Pulse M6 Weld Cold 10 6925 10.6 7411 
 
24 10 DC M6 Flange Cold 10.11 4333 10.12 4333 
 
25 3 DC M6 Weld Cold 10.07 4819 10.08 4333 
 
26 3 DC M6 Flange Cold 10.09 4414 10.07 4495 
 
27 3 Beam M8 Flange Cold 24.6 12108 25 12108 
 
28 3 Beam M8 Weld Hot 26.25 14295 26.5 16887 
 
29 3 DC M8 Weld Cold 25.26 17211 25.03 17373 
 
30 3 Beam M6 Flange Hot 9.9 3118 10 5143 
 
31 3 Pulse M8 Flange Hot 27.4 17292 27.4 16563 
 
32 3 DC M8 Weld Hot 25.23 14700 25.12 15186 
 
33 3 Beam M6 Weld Hot 10.04 8140 11.04 8059 
 
34 3 Beam M6 Flange Cold 10.5 4333 9.98 4333 
 
35 3 Beam M8 Weld Cold 25.5 15996 25.8 18587 
 
36 3 DC M8 Flange Cold 25.08 15915 35.03 17454 
 
37 3 Pulse M8 Flange Cold 28.8 14214 26.6 14862 
 
38 3 Pulse M6 Weld Hot 10.6 7168 11.5 7816 
 
39 3 Pulse M6 Weld Cold 12.8 6115 12.43 7006 
 
40 3 Pulse M8 Weld Cold 27 17292 26.2 17373 
 
41 3 Beam M6 Weld Cold 10.02 6763 10.56 7816 
 
42 3 DC M6 Flange Hot 10.09 6925 10.05 5791 
 
43 3 DC M6 Weld Hot 10.06 6844 10.07 7330 
 
44 3 Pulse M6 Flange Cold 10.6 6034 11.4 7492 
 
45 3 Pulse M6 Flange Hot 11.1 6196 10.8 7168 
 
46 3 Beam M8 Flange Hot 28.05 12837 24.25 10812 
 
47 3 Pulse M8 Weld Hot 26.1 17697 27.1 18587 
 
48 3 DC M8 Flange Hot 25.04 14862 25.18 15429 
 
49 9 Pulse M8 Weld Hot 26.6 18992 27.7 19883 
 
50 9 Beam M8 Weld Hot 25.95 12108 24.9 18741 
 
51 9 DC M8 Flange Hot 25.22 10569 25.33 10002 
 
52 9 Beam M6 Weld Cold 9.92 5629 10.1 6196 
 
53 9 DC M8 Flange Cold 25.02 11703 25.35 13404 
 
54 9 DC M8 Weld Cold 25.05 14700 25.18 21220 
 


















56 9 Beam M6 Flange Hot 10.24 3766 9.98 4090 
 
57 9 Pulse M6 Weld Hot 10.9 6196 11.5 6844 
 
58 9 Beam M8 Flange Hot 24.05 10245 25.65 11055 
 
59 9 DC M6 Weld Cold 10.06 6196 10.06 5629 
 
60 9 DC M6 Flange Cold 10.09 5629 10.01 5548 
 
61 9 DC M6 Flange Hot 10.09 6925 10.09 6763 
 
62 9 Pulse M6 Weld Cold 11.3 6925 12.6 7978 
 
63 9 DC M8 Weld Hot 25.26 20734 25.26 24621 
 
64 9 Pulse M6 Flange Cold 11.2 5629 12.3 6439 
 
65 9 Beam M8 Flange Cold 26.6 10974 25.15 10812 
 
66 9 Beam M6 Weld Hot 10.12 6034 10.4 6925 
 
67 9 Pulse M8 Weld Cold 27 17292 28.6 18587 
 
68 9 Beam M6 Flange Cold 10.78 5629 10.72 5548 
 
69 9 Beam M8 Weld Cold 24.4 13161 24.7 17292 
 
70 9 Pulse M6 Flange Hot 10.7 6196 11.7 7925 
 
71 9 Pulse M8 Flange Hot 27.7 17292 27.7 19721 
 
72 9 Pulse M8 Flange Cold 28.3 13971 27.4 14691 
 
73 19 DC M6 Weld Cold 10.07 4819 10.04 5729 
 
74 19 Pulse M6 Weld Hot 10.3 6925 12.4 8221 
 
75 19 Beam M6 Flange Cold 10 5791 10.2 4333 
 
76 19 DC M8 Flange Hot 25.32 12999 25.37 14214 
 
77 19 DC M6 Weld Hot 10.07 6825 10.06 7422 
 
78 19 DC M6 Flange Hot 10.13 5791 10.06 6439 
 
79 19 DC M8 Weld Hot 25.13 16563 25.03 22515 
 
80 19 Beam M8 Weld Cold 25.05 12108 25.2 14295 
 
81 19 Beam M6 Weld Hot 9.78 6925 11.3 7735 
 
82 19 Pulse M6 Flange Hot 10.5 5629 11.7 6925 
 
83 19 Pulse M8 Flange Hot 25.9 14538 27.8 18182 
 
84 19 Beam M8 Weld Hot 25.05 11055 25.45 14457 
 
85 19 Pulse M6 Weld Cold 11.2 6520 11.4 6925 
 
86 19 Pulse M8 Weld Hot 27 19924 26.8 19883 
 
87 19 DC M8 Weld Cold 25.09 17859 25.05 21220 
 
88 19 Beam M6 Weld Cold 10.28 7087 10.32 7168 
 
89 19 DC M8 Flange Cold 25.2 11946 25.04 13404 
 
90 19 Pulse M6 Flange Cold 12.8 6925 11.5 6844 
 
91 19 DC M6 Flange Cold 10.06 5629 10.09 5629 
 
92 19 Beam M8 Flange Cold 25.55 11541 25.8 11703 
 
93 19 Beam M6 Flange Hot 10.18 5386 11.08 5143 
 
94 19 Pulse M8 Weld Cold 27.1 18587 26.2 18020 
 
95 19 Pulse M8 Flange Cold 27.6 14700 27.4 16158 
 
96 19 Beam M8 Flange Hot 26.4 12108 25.55 11946 
 
97 6 DC M8 Weld Cold 25.12 18506 25.1 18506 
 
98 6 Pulse M6 Weld Cold 11.3 6196 11.9 6925 
 
99 6 Beam M6 Weld Cold 9.78 5791 10.3 6925 
 
100 6 Beam M6 Weld Hot 10.28 7735 11.1 8626 
 
101 6 Pulse M6 Flange Cold 11 6844 11.9 7006 
 


















103 6 Beam M6 Flange Hot 9.7 6925 10.58 7006 
 
104 6 DC M8 Flange Cold 25.29 18880 25.19 22111 
 
105 6 Pulse M8 Flange Cold 26.5 16158 28.4 16158 
 
106 6 Pulse M8 Weld Hot 27.7 19073 26.8 19924 
 
107 6 DC M6 Flange Cold 9.84 4333 10.08 3928 
 
108 6 DC M8 Flange Hot 25.29 12108 25.24 13404 
 
109 6 DC M6 Flange Hot 10.14 6682 10.07 6925 
 
110 6 Beam M8 Weld Hot 25.4 15186 25.3 19924 
 
111 6 DC M6 Weld Hot 10.06 6196 10.08 6925 
 
112 6 Beam M8 Weld Cold 24.7 15429 25.3 18749 
 
113 6 Beam M8 Flange Hot 26.05 12108 26.05 11703 
 
114 6 DC M8 Weld Hot 25.55 18587 25.86 21301 
 
115 6 Pulse M6 Weld Hot 10.7 7115 11.3 7006 
 
116 6 Pulse M8 Weld Cold 25.4 19924 26.6 18830 
 
117 6 Pulse M6 Flange Hot 10.9 6925 10.9 7654 
 
118 6 Beam M8 Flange Cold 25.35 10407 26.15 10569 
 
119 6 DC M6 Weld Cold 10.11 5629 10.08 5629 
 
120 6 Beam M6 Flange Cold 10.56 6439 10.82 6844 
 
121 13 Pulse M8 Weld Hot 25.9 19883 26.5 21058 
 
122 13 DC M8 Weld Hot 25.46 17292 25.6 19883 
 
123 13 Beam M8 Flange Cold 25.75 11217 25.3 12027 
 
124 13 DC M8 Flange Hot 25.14 13485 25.45 14295 
 
125 13 Pulse M8 Flange Cold 26.2 14295 27.2 14700 
 
126 13 Beam M8 Weld Cold 25.45 10650 25.75 13566 
 
127 13 DC M6 Flange Cold 10.08 6520 10.07 6358 
 
128 13 Beam M6 Flange Hot 10.3 6763 10.22 6115 
 
129 13 Beam M8 Flange Hot 25.4 11055 25.55 11217 
 
130 13 DC M8 Weld Cold 25.32 18587 25.78 20734 
 
131 13 Pulse M6 Flange Cold 10.4 6520 11.4 8221 
 
132 13 Pulse M6 Flange Hot 11.1 6169 11.1 6925 
 
133 13 Pulse M8 Flange Hot 27 15105 26.5 16239 
 
134 13 DC M6 Weld Hot 10.06 6925 10.07 6925 
 
135 13 Pulse M8 Weld Cold 26.7 19073 27.1 19883 
 
136 13 DC M6 Flange Hot 10.06 4576 10.03 5791 
 
137 13 Pulse M6 Weld Cold 11.3 6169 11.6 5791 
 
138 13 DC M8 Flange Cold 25.19 13404 25.55 14295 
 
139 13 Beam M6 Flange Cold 9.9 6520 9.68 5629 
 
140 13 Beam M8 Weld Hot 24.1 13566 25.4 18587 
 
141 13 DC M6 Weld Cold 10.09 6925 10.07 6682 
 
142 13 Beam M6 Weld Hot 10.02 7816 10.52 9030 
 
143 13 Beam M6 Weld Cold 10.36 6925 10.7 6925 
 
144 13 Pulse M6 Weld Hot 11.3 7168 11.3 7816 
 
145 5 Pulse M6 Flange Cold 10.9 6925 11.6 6925 
 
146 5 Pulse M6 Weld Cold 12.1 7816 11.8 7735 
 
147 5 Beam M8 Weld Cold 25.35 13404 25.5 17292 
 
148 5 DC M8 Weld Hot 25.58 18830 25.81 21220 
 


















150 5 Pulse M8 Weld Cold 26.4 20167 26.5 19883 
 
151 5 Pulse M8 Weld Hot 26.3 19802 27.3 19883 
 
152 5 Beam M8 Weld Hot 25.55 11703 25.85 15996 
 
153 5 Beam M6 Flange Hot 10.72 5143 10.9 5386 
 
154 5 DC M6 Weld Cold 10.1 6196 10.1 6763 
 
155 5 Pulse M6 Flange Hot 10.9 6925 11.1 8059 
 
156 5 Pulse M8 Flange Cold 27.9 15996 27.6 15996 
 
157 5 Beam M8 Flange Cold 27 10974 25.05 10407 
 
158 5 Beam M8 Flange Hot 27.05 12999 24.8 12108 
 
159 5 DC M6 Weld Hot 10.03 6115 10.05 6925 
 
160 5 DC M8 Weld Cold 25.22 14700 25.75 19924 
 
161 5 Beam M6 Flange Cold 9.88 4819 9.9 4333 
 
162 5 Beam M6 Weld Cold 10.24 5629 9.92 6520 
 
163 5 Beam M6 Weld Hot 10.14 7492 9.96 7492 
 
164 5 DC M8 Flange Hot 25.2 11622 25.25 13404 
 
165 5 DC M6 Flange Hot 10.08 7006 10.06 6925 
 
166 5 DC M8 Flange Cold 25.52 15996 25.94 18101 
 
167 5 Pulse M8 Flange Hot 27.1 21220 26.5 21220 
 
168 5 Pulse M6 Weld Hot 10.4 7006 10.9 8221 
 
169 11 Beam M6 Weld Cold 10.24 7330 10.32 8221 
 
170 11 DC M8 Weld Cold 25.37 14700 25.74 18992 
 
171 11 DC M6 Flange Hot 10.07 6925 10.09 6844 
 
172 11 DC M6 Weld Cold 10.11 5548 10.03 6439 
 
173 11 DC M8 Weld Hot 25.68 19924 25.63 21139 
 
174 11 Pulse M8 Weld Cold 27.3 15996 25.9 18830 
 
175 11 Beam M6 Flange Cold 10.32 6520 10.34 6358 
 
176 11 Beam M6 Weld Hot 10.3 7411 10.52 7654 
 
177 11 Beam M8 Weld Cold 25.5 14538 23.4 14862 
 
178 11 DC M6 Weld Hot 9.92 7411 10.74 8464 
 
179 11 Pulse M8 Flange Hot 28.2 17292 26 17373 
 
180 11 DC M6 Flange Cold 10.1 5467 10.06 6115 
 
181 11 DC M8 Flange Cold 25.27 14700 25.11 14862 
 
182 11 Beam M6 Flange Hot 9.98 6196 10.52 6925 
 
183 11 Beam M8 Flange Hot 26.5 12108 24.8 11946 
 
184 11 DC M8 Flange Hot 25.18 14457 25.51 14700 
 
185 11 Pulse M6 Flange Hot 11.2 5872 11.4 6358 
 
186 11 Pulse M6 Weld Hot 11.8 8059 13.4 9354 
 
187 11 Pulse M6 Flange Cold 11.7 7087 11.5 7087 
 
188 11 Pulse M6 Weld Cold 11.7 6925 13.5 8140 
 
189 11 Pulse M8 Weld Hot 26.5 19154 27.1 21220 
 
190 11 Beam M8 Flange Cold 25.45 12108 25.9 10974 
 
191 11 Beam M8 Weld Hot 25.4 12999 24.95 17373 
 
192 11 Pulse M8 Flange Cold 27.3 17292 26.6 17292 
 
193 14 DC M6 Flange Cold 10.09 6115 10.05 5629 
 
194 14 Beam M6 Flange Cold 10.2 4900 10.28 4576 
 
195 14 DC M8 Flange Cold 25.13 15915 25.37 14943 
 


















197 14 DC M6 Weld Cold 10.04 6884 10.07 5588 
 
198 14 Pulse M8 Weld Hot 26.1 17251 26.5 21260 
 
199 14 Pulse M6 Flange Cold 11.4 6722 12.6 6884 
 
200 14 Pulse M8 Flange Cold 27 14902 27.7 14659 
 
201 14 Pulse M8 Flange Hot 27.5 15145 26.2 16198 
 
202 14 Pulse M6 Flange Hot 10.2 7289 10.9 6884 
 
203 14 Beam M8 Flange Hot 25.3 14497 25 12635 
 
204 14 DC M8 Weld Cold 25.53 12635 25.18 14659 
 
205 14 Beam M8 Flange Cold 25.4 10610 25.2 9557 
 
206 14 DC M8 Flange Hot 25.74 15226 25.41 14659 
 
207 14 Pulse M8 Weld Cold 27.4 19762 27.2 19843 
 
208 14 Pulse M6 Weld Cold 12 7370 11.3 8180 
 
209 14 Beam M6 Weld Hot 10.1 6884 10.4 6884 
 
210 14 Beam M6 Flange Hot 9.72 5588 10.96 6479 
 
211 14 DC M6 Weld Hot 10.08 6884 10.13 6965 
 
212 14 DC M8 Weld Hot 25.05 16198 25.14 19843 
 
213 14 DC M6 Flange Hot 10.13 6155 10.03 6803 
 
214 14 Pulse M6 Weld Hot 11.1 7127 11.1 7694 
 
215 14 Beam M8 Weld Cold 24.7 11258 25.05 13364 
 
216 14 Beam M8 Weld Hot 24.55 12635 25.7 18628 
 
217 15 DC M6 Flange Hot 10.06 6722 10.1 6317 
 
218 15 Beam M8 Weld Cold 25.25 11582 24.25 12878 
 
219 15 Pulse M6 Flange Cold 10.1 6641 10.3 6884 
 
220 15 DC M8 Flange Cold 25.01 13768 25.3 17413 
 
221 15 Beam M8 Flange Cold 25.05 9881 25.5 9638 
 
222 15 DC M8 Flange Hot 25.38 14578 25.09 12635 
 
223 15 Beam M6 Weld Hot 9.62 6803 9.66 6884 
 
224 15 Beam M6 Flange Cold 9.92 4293 11.62 5507 
 
225 15 Pulse M6 Weld Hot 10.6 7370 12.4 8342 
 
226 15 DC M8 Weld Cold 25.31 17251 25.65 17251 
 
227 15 DC M6 Flange Cold 10.13 6317 10.16 5831 
 
228 15 Beam M8 Weld Hot 24.5 10043 25.05 13283 
 
229 15 Pulse M6 Flange Hot 10.2 8018 10.4 6884 
 
230 15 Beam M6 Flange Hot 10.48 5507 10.38 4697 
 
231 15 Pulse M8 Flange Hot 27 13364 25.7 13364 
 
232 15 Pulse M6 Weld Cold 10.8 6398 12.5 6965 
 
233 15 Pulse M8 Weld Cold 27.7 17980 25.1 18466 
 
234 15 DC M6 Weld Hot 10.04 7613 10.05 8180 
 
235 15 Beam M8 Flange Hot 24.25 10772 26.25 11582 
 
236 15 Beam M6 Weld Cold 9.92 3807 10.68 7694 
 
237 15 Pulse M8 Flange Cold 26.3 14659 26.4 15793 
 
238 15 DC M8 Weld Hot 25.01 13202 25.01 13364 
 
239 15 DC M6 Weld Cold 10.06 5588 10.11 5669 
 
240 15 Pulse M8 Weld Hot 27.2 14659 27.4 16846 
 
241 8 DC M6 Flange Hot 10.1 6155 10.14 5588 
 
242 8 DC M6 Flange Cold 10.02 5831 10.03 5669 
 


















244 8 DC M6 Weld Hot 10.06 6884 10.09 7451 
 
245 8 DC M6 Weld Cold 10.03 6722 10.05 6722 
 
246 8 DC M8 Flange Hot 25.35 13121 25.12 13283 
 
247 8 DC M8 Flange Cold 25.32 14497 25.47 13849 
 
248 8 Beam M8 Flange Hot 26.05 12635 28.95 13283 Removed 
249 8 Pulse M6 Weld Hot 10.5 6155 11.5 6884 
 
250 8 Pulse M8 Flange Hot 26.8 13606 26.3 15469 
 
251 8 Pulse M8 Weld Cold 27.9 15955 26.6 18709 
 
252 8 Pulse M6 Flange Hot 10.2 6884 10.2 6884 
 
253 8 Pulse M8 Weld Hot 27.4 20774 27.2 19843 
 
254 8 Beam M6 Weld Cold 10.02 6884 9.98 8099 
 
255 8 Beam M6 Weld Hot 10.1 6884 10.52 8180 
 
256 8 DC M8 Weld Cold 25.32 15955 25.5 21098 
 
257 8 Beam M8 Flange Cold 20.55 9962 25.95 10286 Removed 
258 8 Beam M8 Weld Cold 23.75 11663 23.75 14659 
 
259 8 Beam M6 Flange Hot 10.86 5831 9.9 4535 
 
260 8 Beam M8 Weld Hot 24.75 13364 25.45 17251 
 
261 8 Beam M6 Flange Cold 10.32 4293 10.6 4293 
 
262 8 Pulse M6 Weld Cold 10.1 6398 11.9 7613 
 
263 8 DC M8 Weld Hot 25.59 20369 25.28 22313 
 
264 8 Pulse M8 Flange Cold 27.9 17332 26.4 16441 
 
265 17 Beam M8 Flange Hot 24.7 13121 25.4 12068 
 
266 17 Pulse M6 Flange Cold 10.9 5021 11.8 6884 
 
267 17 DC M8 Flange Hot 10.03 6641 10.08 6398 Removed 
268 17 Beam M8 Weld Hot 25.55 15955 24.15 19276 
 
269 17 Beam M8 Flange Cold 26.1 11015 24.8 10043 
 
270 17 DC M6 Flange Cold 10.06 6884 10.08 6074 
 
271 17 DC M8 Flange Cold 25.17 17089 25.25 19883 
 
272 17 Beam M6 Flange Cold 10.06 6479 10.28 6317 
 
273 17 Pulse M8 Flange Hot 27.5 15226 26.6 16441 
 
274 17 Beam M6 Weld Cold 10.26 7046 10.2 8099 
 
275 17 DC M6 Weld Cold 10.07 6074 10.03 5831 
 
276 17 Beam M6 Flange Hot 10.6 6722 10.34 6074 
 
277 17 Pulse M8 Flange Cold 27.2 16522 26.9 15955 
 
278 17 Beam M8 Weld Cold 24.5 13606 24.8 17737 
 
279 17 Pulse M8 Weld Cold 27.9 18790 26.3 18385 
 
280 17 Pulse M8 Weld Hot 26.4 18547 27.8 19762 
 
281 17 Pulse M6 Weld Hot 10.4 6884 12 6884 
 
282 17 Pulse M6 Flange Hot 10.9 5750 10.9 6884 
 
283 17 Pulse M6 Weld Cold 12.5 6965 12.2 8180 
 
284 17 DC M6 Flange Hot 10.09 6803 10.08 6155 
 
285 17 DC M8 Weld Cold 25.37 15955 25.07 18547 
 
286 17 DC M6 Weld Hot 10.05 6641 10.12 6884 
 
287 17 DC M8 Weld Hot 25.48 12473 25.23 19357 
 
288 17 Beam M6 Weld Hot 10.02 7046 10.18 8180 
 
289 18 Pulse M6 Weld Hot 11 6884 11.2 6965 
 


















291 18 Pulse M6 Weld Cold 12.4 6884 11.7 7613 
 
292 18 DC M6 Weld Cold 10.06 6884 10.07 6884 
 
293 18 DC M8 Weld Hot 25.24 18547 25.56 18709 
 
294 18 Beam M6 Weld Cold 10.28 6722 10.18 6884 
 
295 18 DC M6 Flange Cold 10.08 6398 10.02 6803 
 
296 18 Beam M8 Weld Cold 24.85 10772 24.7 12149 
 
297 18 Pulse M6 Flange Hot 11.3 5426 11.2 6884 
 
298 18 DC M8 Flange Cold 25.23 14659 25.67 17008 
 
299 18 Beam M6 Flange Hot 9.84 6398 10.32 6884 
 
300 18 DC M6 Flange Hot 10.06 6398 10.08 6965 
 
301 18 Beam M8 Weld Hot 25.2 13364 25.6 18466 
 
302 18 Pulse M8 Flange Cold 27.8 15145 27.7 16198 
 
303 18 Beam M6 Weld Hot 9.76 6317 9.8 6317 
 
304 18 DC M8 Flange Hot 25.43 11987 25.24 12068 
 
305 18 Pulse M8 Weld Cold 27.1 19843 27.8 19681 
 
306 18 Beam M8 Flange Cold 25.8 12797 24.55 11177 
 
307 18 Pulse M8 Flange Hot 27.8 17251 27 18142 
 
308 18 Beam M6 Flange Cold 9.52 5588 9.88 5669 
 
309 18 Pulse M8 Weld Hot 27.3 18626 26.5 19114 
 
310 18 Beam M8 Flange Hot 27.5 13606 25 12068 
 
311 18 DC M8 Weld Cold 25.21 14659 25.25 15955 
 
312 18 DC M6 Weld Hot 10.09 5588 10.08 5750 
 
313 2 Beam M8 Weld Hot 25.6 14659 24.7 19276 
 
314 2 DC M8 Flange Hot 25.84 12068 25.59 12068 
 
315 2 Pulse M8 Weld Cold 26.8 16522 27.6 17818 
 
316 2 Beam M8 Flange Hot 26.7 10772 25.9 11339 
 
317 2 Beam M6 Flange Cold 9.82 4455 10.08 4895 
 
318 2 Beam M8 Flange Cold 23.9 13283 24.35 12068 
 
319 2 DC M8 Weld Cold 25.46 14659 25.59 16684 
 
320 2 DC M6 Weld Hot 10.07 6317 10.05 6317 
 
321 2 DC M6 Weld Cold 10.07 6398 10.06 6479 
 
322 2 Pulse M6 Weld Hot 10.4 6803 11.1 6884 
 
323 2 Beam M6 Weld Cold 9.86 5750 10.4 6884 
 
324 2 DC M6 Flange Hot 10.1 7046 10.08 6884 
 
325 2 Pulse M6 Flange Cold 11.3 6884 11.1 7451 
 
326 2 Beam M6 Weld Hot 9.72 6398 12.36 8585 
 
327 2 Pulse M6 Flange Hot 10.1 6074 11.4 5588 
 
328 2 DC M8 Flange Cold 25.31 14092 25.13 12068 
 
329 2 Pulse M6 Weld Cold 11.6 6884 11 7046 
 
330 2 Beam M8 Weld Cold 23.8 14578 24.4 16198 
 
331 2 Pulse M8 Flange Hot 26.4 17737 26.3 19861 
 
332 2 DC M8 Weld Hot 25.22 19843 25.57 22475 
 
333 2 Pulse M8 Flange Cold 27.6 15226 25.7 15145 
 
334 2 Beam M6 Flange Hot 10.24 5102 10.42 4293 
 
335 2 DC M6 Flange Cold 10.08 5588 10.04 5588 
 
336 2 Pulse M8 Weld Hot 27.6 19114 27.2 19276 
 


















338 16 Pulse M6 Flange Hot 10.5 6641 10.8 7289 
 
339 16 DC M6 Weld Cold 10.11 6479 10.09 6641 
 
340 16 Pulse M6 Weld Cold 10.7 6884 11.5 6965 
 
341 16 Beam M6 Flange Hot 10.16 6479 10.5 6398 
 
342 16 Beam M6 Flange Cold 10.04 5588 10.44 5588 
 
343 16 DC M8 Flange Cold 25.38 10772 25.09 12230 
 
344 16 Pulse M8 Weld Cold 27.1 15955 28.6 18466 
 
345 16 DC M8 Flange Hot 25.01 18547 25.15 17413 
 
346 16 DC M6 Flange Hot 10.07 6884 10.07 6884 
 
347 16 Pulse M6 Flange Cold 10.5 6884 10.9 6722 
 
348 16 Pulse M8 Flange Hot 27.3 18466 26.9 19843 
 
349 16 Pulse M8 Weld Hot 27.2 18790 27.6 19843 
 
350 16 Beam M8 Flange Hot 25.15 11339 25.7 11177 
 
351 16 DC M8 Weld Cold 25.47 13930 25.34 14254 
 
352 16 Beam M6 Weld Hot 9.1 6722 10.32 8018 
 
353 16 DC M6 Flange Cold 10.09 5507 10.07 6155 
 
354 16 DC M8 Weld Hot 25.17 18385 25.26 19883 
 
355 16 Beam M8 Weld Cold 23.65 16117 23.9 17980 
 
356 16 Pulse M6 Weld Hot 11.8 5669 11.3 6884 
 
357 16 DC M6 Weld Hot 10.07 6884 10.04 6884 
 
358 16 Pulse M8 Flange Cold 26.2 15955 26.8 17251 
 
359 16 Beam M8 Weld Hot 24.75 12149 25.2 14902 
 
360 16 Beam M8 Flange Cold 25.25 12149 23.8 11906 
 
361 20 Pulse M6 Weld Hot 10.9 6884 11.7 8180 
 
362 20 DC M6 Flange Cold 10.07 6155 10.09 6074 
 
363 20 DC M8 Weld Cold 25.1 16765 25.73 18304 
 
364 20 DC M8 Flange Hot 25.18 13202 25.1 12230 
 
365 20 Beam M8 Flange Cold 25.4 12230 26.05 12878 
 
366 20 Beam M8 Weld Cold 25.95 10772 23.8 12554 
 
367 20 Beam M6 Weld Hot 10.18 6884 10.16 6884 
 
368 20 Pulse M6 Flange Cold 10.6 5021 10.9 5669 
 
369 20 Beam M8 Weld Hot 25.35 17008 24.2 19438 
 
370 20 Pulse M8 Weld Cold 26.9 20369 26.5 19964 
 
371 20 DC M6 Flange Hot 10.05 6884 10.08 6884 
 
372 20 Beam M6 Flange Hot 10.36 4293 10.22 3726 
 
373 20 Beam M6 Weld Cold 10.4 6884 10.08 6884 
 
374 20 DC M8 Flange Cold 25.02 13444 25.16 13364 
 
375 20 DC M6 Weld Hot 10.08 6884 10.08 6884 
 
376 20 Pulse M8 Flange Hot 27.3 18385 28.6 19843 
 
377 20 DC M6 Weld Cold 10.05 6155 10.08 6884 
 
378 20 Pulse M6 Weld Cold 11.3 6803 11.2 6884 
 
379 20 Beam M6 Flange Cold 10.16 6722 10.24 6884 
 
380 20 DC M8 Weld Hot 25.45 17251 25.57 20450 
 
381 20 Pulse M8 Flange Cold 27.4 16765 28.1 17494 
 
382 20 Pulse M6 Flange Hot 10.6 6884 10.9 7289 
 
383 20 Pulse M8 Weld Hot 27.3 15550 26.4 16198 
 


















385 1 Pulse M6 Flange Hot 11.5 6074 12 6884 
 
386 1 DC M8 Flange Hot 25.54 15955 25.13 17170 
 
387 1 DC M8 Flange Cold 25.01 14695 25.12 15064 
 
388 1 Pulse M8 Weld Hot 26.4 18142 26.7 18547 
 
389 1 DC M6 Weld Hot 10.04 7289 10.12 8018 
 
390 1 Beam M8 Flange Hot 26.85 12149 25.05 11285 
 
391 1 DC M6 Weld Cold 10.08 6884 10.12 6884 
 
392 1 Pulse M8 Weld Cold 27.1 19843 28.4 20693 
 
393 1 Beam M6 Weld Hot 9.88 7451 9.46 7775 
 
394 1 Beam M6 Flange Cold 10.24 6074 10.06 5588 
 
395 1 Beam M8 Weld Cold 24.55 13444 24.9 17251 
 
396 1 Pulse M6 Weld Hot 11.5 7451 12.5 8180 
 
397 1 DC M8 Weld Cold 25.03 16522 25.12 19762 
 
398 1 DC M6 Flange Cold 10.08 5750 10.09 5588 
 
399 1 DC M8 Weld Hot 25.2 19883 25.31 20450 
 
400 1 Beam M8 Weld Hot 26.9 12068 26.2 12068 
 
401 1 Pulse M8 Flange Cold 28.3 18547 26.8 19438 
 
402 1 Beam M8 Flange Cold 25.1 11663 26.1 10286 
 
403 1 Pulse M6 Flange Cold 11.2 6398 11.2 6884 
 
404 1 DC M6 Flange Hot 10.13 6398 10.1 6155 
 
405 1 Pulse M8 Flange Hot 27.3 14658 25.7 15064 
 
406 1 Beam M6 Flange Hot 10.1 6479 10.22 6803 
 
407 1 Pulse M6 Weld Cold 11.9 5750 12.5 6965 
 
408 1 Beam M6 Weld Cold 10.6 5588 10.46 5669 
 
409 12 Pulse M6 Weld Cold 11.4 6884 11.8 8180 
 
410 12 Pulse M8 Flange Cold 27.6 17413 27.5 19114 
 
411 12 Beam M8 Weld Hot 24.9 12878 25.05 15793 
 
412 12 Beam M8 Weld Cold 25.75 12635 25.6 14659 
 
413 12 Pulse M6 Flange Cold 10.8 5750 10.6 7451 
 
414 12 DC M6 Flange Cold 10.05 7046 10.1 6884 
 
415 12 Beam M8 Flange Hot 25.45 13121 25.75 10934 
 
416 12 DC M6 Weld Cold 10.07 6317 10.07 5831 
 
417 12 DC M8 Weld Cold 25.21 14821 25.06 19114 
 
418 12 Beam M6 Flange Hot 9.7 5750 9.98 4697 
 
419 12 Pulse M6 Weld Hot 11.3 7046 11.3 7937 
 
420 12 DC M6 Weld Hot 10.09 6317 10.08 6884 
 
421 12 Pulse M8 Weld Cold 26 21341 26.9 21746 
 
422 12 Beam M8 Flange Cold 26.25 12635 24.4 10934 
 
423 12 DC M8 Flange Cold 25.55 13364 25.25 12311 
 
424 12 DC M8 Weld Hot 25.54 16360 25.58 19843 
 
425 12 Beam M6 Weld Cold 10.24 5588 9.94 4778 
 
426 12 Pulse M6 Flange Hot 12.7 4778 12.8 6965 
 
427 12 DC M8 Flange Hot 25.19 12878 25.4 12068 
 
428 12 Beam M6 Weld Hot 10.36 8180 9.72 7451 
 
429 12 DC M6 Flange Hot 10.06 6884 10.14 6884 
 
430 12 Pulse M8 Weld Hot 26.9 15955 26.6 17251 
 


















432 12 Pulse M8 Flange Hot 26.2 19883 27.7 19276 
 
433 7 Beam M8 Weld Cold 25.4 12068 25.85 15226 
 
434 7 DC M8 Flange Hot 25.12 16684 25.55 16765 
 
435 7 DC M8 Weld Cold 25.02 16846 25.24 20693 
 
436 7 Beam M6 Flange Hot 9.92 4778 9.74 4535 
 
437 7 Pulse M8 Flange Cold 26.6 15226 27.1 16198 
 
438 7 DC M6 Flange Cold 10.07 5588 10.06 5588 
 
439 7 DC M6 Weld Cold 10.06 6479 10.09 6803 
 
440 7 DC M6 Flange Hot 10.04 5588 10.05 5588 
 
441 7 Beam M6 Weld Cold 10.3 6722 10.08 6074 
 
442 7 Pulse M6 Flange Hot 10.3 5831 10.8 6884 
 
443 7 DC M8 Weld Hot 25.54 18061 25.7 21179 
 
444 7 Beam M8 Flange Cold 25.2 11825 27 13444 
 
445 7 DC M6 Weld Hot 10.09 6884 10.06 7127 
 
446 7 Pulse M6 Weld Hot 11.6 6479 12.8 7046 
 
447 7 Beam M8 Weld Hot 26.05 13364 24.7 17251 
 
448 7 Beam M6 Flange Cold 10.56 4778 10.18 4697 
 
449 7 DC M8 Flange Cold 25.04 12149 25.15 14497 
 
450 7 Beam M8 Flange Hot 25.45 11015 24.5 10043 
 
451 7 Pulse M8 Flange Hot 26.7 17332 27.3 18142 
 
452 7 Pulse M6 Weld Cold 10.7 6398 11.5 7613 
 
453 7 Beam M6 Weld Hot 10.3 6884 10.32 7775 
 
454 7 Pulse M8 Weld Cold 25.5 19600 27.5 20612 
 
455 7 Pulse M6 Flange Cold 11.6 6074 11.3 8018 
 
456 7 Pulse M8 Weld Hot 26.7 19843 27.8 19843 
 
457 4 DC M8 Weld Cold 25.07 17251 25.15 19883 
 
458 4 Beam M8 Weld Hot 24.3 10853 24.6 14578 
 
459 4 Pulse M8 Weld Cold 26.6 17332 26.8 19762 
 
460 4 Pulse M8 Weld Hot 26.8 22475 26.9 22718 
 
461 4 Pulse M6 Weld Hot 10 6641 10.7 7937 
 
462 4 Pulse M8 Flange Cold 27 17818 28.5 20045 
 
463 4 DC M8 Flange Cold 25.41 13121 25.25 14497 
 
464 4 DC M6 Flange Hot 10.03 6398 10.08 5588 
 
465 4 DC M8 Flange Hot 25.51 12554 25.79 12068 
 
466 4 Beam M8 Flange Cold 25.25 10691 24.75 9638 
 
467 4 Beam M6 Flange Hot 9.68 7046 9.58 7775 
 
468 4 Pulse M6 Flange Cold 10.2 6479 11.7 6317 
 
469 4 Pulse M6 Flange Hot 10.2 5426 10.3 6884 
 
470 4 Beam M6 Weld Hot 9.94 6884 10.14 7046 
 
471 4 Beam M6 Weld Cold 9.64 5426 10.56 6074 
 
472 4 DC M6 Flange Cold 10.06 5588 10.2 6479 
 
473 4 Beam M8 Weld Cold 24.3 14659 24.95 18304 
 
474 4 Beam M8 Flange Hot 24.85 10772 25.55 11582 
 
475 4 DC M6 Weld Hot 10.06 7046 10.1 7613 
 
476 4 Beam M6 Flange Cold 10.22 5588 10.38 4535 
 
477 4 DC M8 Weld Hot 25.33 17413 25.26 19762 
 


















479 4 Pulse M8 Flange Hot 27.7 18466 28.4 17251 
 
480 4 Pulse M6 Weld Cold 11 5750 11.3 6884 
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Appendix C: Data Analysis Table with Torque 1 and Force 1 
 
For explanations of the column headers Tool, Diameter, Nut, and Plate, refer to 
table 3.1. The following list summarizes and explains the column headers used in the data 
tables and throughout the data analysis: 
- Torque 1: the recorded torque applied from the first tightening. 
- Force Readout 1: the recorded force washer readout from the first 
tightening. 
- Translated Force 1: the translated force value of the first tightening, 
explained in section 4.2. 
Table C.1.  
Data Analysis Table with Torque 1 and Force 1. 
    Factors   First Tightening 
Run Order 
 









1   10 DC M6 Flange Hot   10.01 5224 7596.358245 
2 
 
10 Pulse M8 Weld Cold 
 
27.1 17292 23109.67958 
3 
 
10 Beam M6 Flange Hot 
 
9.96 3280 4975.151073 
4 
 
10 Beam M6 Weld Hot 
 
10.02 6196 8893.258754 
5 
 
10 Pulse M6 Flange Cold 
 
10.1 5548 8029.656969 
6 
 
10 Beam M8 Flange Hot 
 
25.1 11865 16285.76128 
7 
 
10 DC M8 Weld Hot 
 
25.22 15996 21501.1838 
8 
 
10 Beam M6 Flange Cold 
 
10.22 4576 6726.730218 
9 
 
10 Pulse M8 Weld Hot 
 
27.7 18587 24704.25606 
10 
 
10 Pulse M8 Flange Hot 
 
27.8 15186 20489.29214 
11 
 
10 Beam M8 Weld Hot 
 
25.05 10326 14306.81131 
12 
 
10 DC M8 Flange Hot 
 
25.51 15591 20995.87753 
13 
 
10 Pulse M6 Weld Hot 
 
11.1 6520 9323.575545 
14 
 
10 DC M8 Flange Cold 
 
25.27 12918 17628.3116 
15 
 
10 Pulse M6 Flange Hot 
 
10.2 5143 7487.876364 
16 
 
10 Beam M8 Weld Cold 
 
26.7 14295 19370.25341 
17 
 
10 Beam M8 Flange Cold 
 
25.75 10812 14933.92307 
18 
 
10 DC M6 Weld Cold 
 
10.12 5629 8137.824995 
19 
 
10 DC M6 Weld Hot 
 
10.09 6925 9860.093658 
20 
 
10 DC M8 Weld Cold 
 
25.38 14214 19268.20962 
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10 Beam M6 Weld Cold 
 
10.14 5710 8245.930576 
22 
 
10 Pulse M8 Flange Cold 
 
27.3 15753 21198.15299 
23 
 
10 Pulse M6 Weld Cold 
 
10 6925 9860.093658 
24 
 
10 DC M6 Flange Cold 
 
10.11 4333 6399.568791 
25 
 
3 DC M6 Weld Cold 
 
10.07 4819 7053.316742 
26 
 
3 DC M6 Flange Cold 
 
10.09 4414 6508.686665 
27 
 
3 Beam M8 Flange Cold 
 
24.6 12108 16596.39797 
28 
 
3 Beam M8 Weld Hot 
 
26.25 14295 19370.25341 
29 
 
3 DC M8 Weld Cold 
 
25.26 17211 23009.52359 
30 
 
3 Beam M6 Flange Hot 
 
9.9 3118 4755.030523 
31 
 
3 Pulse M8 Flange Hot 
 
27.4 17292 23109.67958 
32 
 
3 DC M8 Weld Hot 
 
25.23 14700 19879.68744 
33 
 
3 Beam M6 Weld Hot 
 
10.04 8140 11460.58609 
34 
 
3 Beam M6 Flange Cold 
 
10.5 4333 6399.568791 
35 
 
3 Beam M8 Weld Cold 
 
25.5 15996 21501.1838 
36 
 
3 DC M8 Flange Cold 
 
25.08 15915 21400.22441 
37 
 
3 Pulse M8 Flange Cold 
 
28.8 14214 19268.20962 
38 
 
3 Pulse M6 Weld Hot 
 
10.6 7168 10181.27466 
39 
 
3 Pulse M6 Weld Cold 
 
12.8 6115 8785.525583 
40 
 
3 Pulse M8 Weld Cold 
 
27 17292 23109.67958 
41 
 
3 Beam M6 Weld Cold 
 
10.02 6763 9645.669398 
42 
 
3 DC M6 Flange Hot 
 
10.09 6925 9860.093658 
43 
 
3 DC M6 Weld Hot 
 
10.06 6844 9752.911956 
44 
 
3 Pulse M6 Flange Cold 
 
10.6 6034 8677.730611 
45 
 
3 Pulse M6 Flange Hot 
 
11.1 6196 8893.258754 
46 
 
3 Beam M8 Flange Hot 
 
28.05 12837 17525.36391 
47 
 
3 Pulse M8 Weld Hot 
 
26.1 17697 23609.71736 
48 
 
3 DC M8 Flange Hot 
 
25.04 14862 20083.09628 
49 
 
9 Pulse M8 Weld Hot 
 
26.6 18992 25200.39153 
50 
 
9 Beam M8 Weld Hot 
 
25.95 12108 16596.39797 
51 
 
9 DC M8 Flange Hot 
 
25.22 10569 14620.62092 
52 
 
9 Beam M6 Weld Cold 
 
9.92 5629 8137.824995 
53 
 
9 DC M8 Flange Cold 
 
25.02 11703 16078.39553 
54 
 
9 DC M8 Weld Cold 
 
25.05 14700 19879.68744 
55 
 
9 DC M6 Weld Hot 
 
10.1 6925 9860.093658 
56 
 
9 Beam M6 Flange Hot 
 
10.24 3766 5633.939229 
57 
 
9 Pulse M6 Weld Hot 
 
10.9 6196 8893.258754 
58 
 
9 Beam M8 Flange Hot 
 
24.05 10245 14202.09491 
59 
 
9 DC M6 Weld Cold 
 
10.06 6196 8893.258754 
60 
 
9 DC M6 Flange Cold 
 
10.09 5629 8137.824995 
61 
 
9 DC M6 Flange Hot 
 
10.09 6925 9860.093658 
62 
 
9 Pulse M6 Weld Cold 
 
11.3 6925 9860.093658 
63 
 
9 DC M8 Weld Hot 
 
25.26 20734 27320.79343 
64 
 
9 Pulse M6 Flange Cold 
 
11.2 5629 8137.824995 
65 
 
9 Beam M8 Flange Cold 
 
26.6 10974 15142.51047 
66 
 
9 Beam M6 Weld Hot 
 
10.12 6034 8677.730611 
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9 Pulse M8 Weld Cold 
 
27 17292 23109.67958 
68 
 
9 Beam M6 Flange Cold 
 
10.78 5629 8137.824995 
69 
 
9 Beam M8 Weld Cold 
 
24.4 13161 17936.83198 
70 
 
9 Pulse M6 Flange Hot 
 
10.7 6196 8893.258754 
71 
 
9 Pulse M8 Flange Hot 
 
27.7 17292 23109.67958 
72 
 
9 Pulse M8 Flange Cold 
 
28.3 13971 18961.76287 
73 
 
19 DC M6 Weld Cold 
 
10.07 4819 7053.316742 
74 
 
19 Pulse M6 Weld Hot 
 
10.3 6925 9860.093658 
75 
 
19 Beam M6 Flange Cold 
 
10 5791 8353.973821 
76 
 
19 DC M8 Flange Hot 
 
25.32 12999 17731.20545 
77 
 
19 DC M6 Weld Hot 
 
10.07 6825 9727.761762 
78 
 
19 DC M6 Flange Hot 
 
10.13 5791 8353.973821 
79 
 
19 DC M8 Weld Hot 
 
25.13 16563 22206.48195 
80 
 
19 Beam M8 Weld Cold 
 
25.05 12108 16596.39797 
81 
 
19 Beam M6 Weld Hot 
 
9.78 6925 9860.093658 
82 
 
19 Pulse M6 Flange Hot 
 
10.5 5629 8137.824995 
83 
 
19 Pulse M8 Flange Hot 
 
25.9 14538 19676.07048 
84 
 
19 Beam M8 Weld Hot 
 
25.05 11055 15246.72023 
85 
 
19 Pulse M6 Weld Cold 
 
11.2 6520 9323.575545 
86 
 
19 Pulse M8 Weld Hot 
 
27 19924 26337.56502 
87 
 
19 DC M8 Weld Cold 
 
25.09 17859 23809.38749 
88 
 
19 Beam M6 Weld Cold 
 
10.28 7087 10074.27491 
89 
 
19 DC M8 Flange Cold 
 
25.2 11946 16389.36168 
90 
 
19 Pulse M6 Flange Cold 
 
12.8 6925 9860.093658 
91 
 
19 DC M6 Flange Cold 
 
10.06 5629 8137.824995 
92 
 
19 Beam M8 Flange Cold 
 
25.55 11541 15870.80925 
93 
 
19 Beam M6 Flange Hot 
 
10.18 5386 7813.133148 
94 
 
19 Pulse M8 Weld Cold 
 
27.1 18587 24704.25606 
95 
 
19 Pulse M8 Flange Cold 
 
27.6 14700 19879.68744 
96 
 
19 Beam M8 Flange Hot 
 
26.4 12108 16596.39797 
97 
 
6 DC M8 Weld Cold 
 
25.12 18506 24604.88398 
98 
 
6 Pulse M6 Weld Cold 
 
11.3 6196 8893.258754 
99 
 
6 Beam M6 Weld Cold 
 
9.78 5791 8353.973821 
100 
 
6 Beam M6 Weld Hot 
 
10.28 7735 10928.58619 
101 
 
6 Pulse M6 Flange Cold 
 
11 6844 9752.911956 
102 
 
6 Pulse M8 Flange Hot 
 
27.9 17292 23109.67958 
103 
 
6 Beam M6 Flange Hot 
 
9.7 6925 9860.093658 
104 
 
6 DC M8 Flange Cold 
 
25.29 18880 25063.30923 
105 
 
6 Pulse M8 Flange Cold 
 
26.5 16158 21702.95031 
106 
 
6 Pulse M8 Weld Hot 
 
27.7 19073 25299.47413 
107 
 
6 DC M6 Flange Cold 
 
9.84 4333 6399.568791 
108 
 
6 DC M8 Flange Hot 
 
25.29 12108 16596.39797 
109 
 
6 DC M6 Flange Hot 
 
10.14 6682 9538.36588 
110 
 
6 Beam M8 Weld Hot 
 
25.4 15186 20489.29214 
111 
 
6 DC M6 Weld Hot 
 
10.06 6196 8893.258754 
112 
 
6 Beam M8 Weld Cold 
 
24.7 15429 20793.39742 
155 
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6 Beam M8 Flange Hot 
 
26.05 12108 16596.39797 
114 
 
6 DC M8 Weld Hot 
 
25.55 18587 24704.25606 
115 
 
6 Pulse M6 Weld Hot 
 
10.7 7115 10111.26932 
116 
 
6 Pulse M8 Weld Cold 
 
25.4 19924 26337.56502 
117 
 
6 Pulse M6 Flange Hot 
 
10.9 6925 9860.093658 
118 
 
6 Beam M8 Flange Cold 
 
25.35 10407 14411.47105 
119 
 
6 DC M6 Weld Cold 
 
10.11 5629 8137.824995 
120 
 
6 Beam M6 Flange Cold 
 
10.56 6439 9216.08852 
121 
 
13 Pulse M8 Weld Hot 
 
25.9 19883 26287.67153 
122 
 
13 DC M8 Weld Hot 
 
25.46 17292 23109.67958 
123 
 
13 Beam M8 Flange Cold 
 
25.75 11217 15454.97231 
124 
 
13 DC M8 Flange Hot 
 
25.14 13485 18347.4427 
125 
 
13 Pulse M8 Flange Cold 
 
26.2 14295 19370.25341 
126 
 
13 Beam M8 Weld Cold 
 
25.45 10650 14725.11123 
127 
 
13 DC M6 Flange Cold 
 
10.08 6520 9323.575545 
128 
 
13 Beam M6 Flange Hot 
 
10.3 6763 9645.669398 
129 
 
13 Beam M8 Flange Hot 
 
25.4 11055 15246.72023 
130 
 
13 DC M8 Weld Cold 
 
25.32 18587 24704.25606 
131 
 
13 Pulse M6 Flange Cold 
 
10.4 6520 9323.575545 
132 
 
13 Pulse M6 Flange Hot 
 
11.1 6169 8857.354558 
133 
 
13 Pulse M8 Flange Hot 
 
27 15105 20387.8207 
134 
 
13 DC M6 Weld Hot 
 
10.06 6925 9860.093658 
135 
 
13 Pulse M8 Weld Cold 
 
26.7 19073 25299.47413 
136 
 
13 DC M6 Flange Hot 
 
10.06 4576 6726.730218 
137 
 
13 Pulse M6 Weld Cold 
 
11.3 6169 8857.354558 
138 
 
13 DC M8 Flange Cold 
 
25.19 13404 18244.8701 
139 
 
13 Beam M6 Flange Cold 
 
9.9 6520 9323.575545 
140 
 
13 Beam M8 Weld Hot 
 
24.1 13566 18449.96204 
141 
 
13 DC M6 Weld Cold 
 
10.09 6925 9860.093658 
142 
 
13 Beam M6 Weld Hot 
 
10.02 7816 11035.10524 
143 
 
13 Beam M6 Weld Cold 
 
10.36 6925 9860.093658 
144 
 
13 Pulse M6 Weld Hot 
 
11.3 7168 10181.27466 
145 
 
5 Pulse M6 Flange Cold 
 
10.9 6925 9860.093658 
146 
 
5 Pulse M6 Weld Cold 
 
12.1 7816 11035.10524 
147 
 
5 Beam M8 Weld Cold 
 
25.35 13404 18244.8701 
148 
 
5 DC M8 Weld Hot 
 
25.58 18830 25002.08205 
149 
 
5 DC M6 Flange Cold 
 
10.05 5791 8353.973821 
150 
 
5 Pulse M8 Weld Cold 
 
26.4 20167 26633.02688 
151 
 
5 Pulse M8 Weld Hot 
 
26.3 19802 26189.06582 
152 
 
5 Beam M8 Weld Hot 
 
25.55 11703 16078.39553 
153 
 
5 Beam M6 Flange Hot 
 
10.72 5143 7487.876364 
154 
 
5 DC M6 Weld Cold 
 
10.1 6196 8893.258754 
155 
 
5 Pulse M6 Flange Hot 
 
10.9 6925 9860.093658 
156 
 
5 Pulse M8 Flange Cold 
 
27.9 15996 21501.1838 
157 
 
5 Beam M8 Flange Cold 
 
27 10974 15142.51047 
158 
 
5 Beam M8 Flange Hot 
 
27.05 12999 17731.20545 
156 
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5 DC M6 Weld Hot 
 
10.03 6115 8785.525583 
160 
 
5 DC M8 Weld Cold 
 
25.22 14700 19879.68744 
161 
 
5 Beam M6 Flange Cold 
 
9.88 4819 7053.316742 
162 
 
5 Beam M6 Weld Cold 
 
10.24 5629 8137.824995 
163 
 
5 Beam M6 Weld Hot 
 
10.14 7492 10608.67025 
164 
 
5 DC M8 Flange Hot 
 
25.2 11622 15974.63 
165 
 
5 DC M6 Flange Hot 
 
10.08 7006 9967.214607 
166 
 
5 DC M8 Flange Cold 
 
25.52 15996 21501.1838 
167 
 
5 Pulse M8 Flange Hot 
 
27.1 21220 27908.48914 
168 
 
5 Pulse M6 Weld Hot 
 
10.4 7006 9967.214607 
169 
 
11 Beam M6 Weld Cold 
 
10.24 7330 10395.09293 
170 
 
11 DC M8 Weld Cold 
 
25.37 14700 19879.68744 
171 
 
11 DC M6 Flange Hot 
 
10.07 6925 9860.093658 
172 
 
11 DC M6 Weld Cold 
 
10.11 5548 8029.656969 
173 
 
11 DC M8 Weld Hot 
 
25.68 19924 26337.56502 
174 
 
11 Pulse M8 Weld Cold 
 
27.3 15996 21501.1838 
175 
 
11 Beam M6 Flange Cold 
 
10.32 6520 9323.575545 
176 
 
11 Beam M6 Weld Hot 
 
10.3 7411 10501.91166 
177 
 
11 Beam M8 Weld Cold 
 
25.5 14538 19676.07048 
178 
 
11 DC M6 Weld Hot 
 
9.92 7411 10501.91166 
179 
 
11 Pulse M8 Flange Hot 
 
28.2 17292 23109.67958 
180 
 
11 DC M6 Flange Cold 
 
10.1 5467 7921.426389 
181 
 
11 DC M8 Flange Cold 
 
25.27 14700 19879.68744 
182 
 
11 Beam M6 Flange Hot 
 
9.98 6196 8893.258754 
183 
 
11 Beam M8 Flange Hot 
 
26.5 12108 16596.39797 
184 
 
11 DC M8 Flange Hot 
 
25.18 14457 19574.18376 
185 
 
11 Pulse M6 Flange Hot 
 
11.2 5872 8461.954837 
186 
 
11 Pulse M6 Weld Hot 
 
11.8 8059 11354.30498 
187 
 
11 Pulse M6 Flange Cold 
 
11.7 7087 10074.27491 
188 
 
11 Pulse M6 Weld Cold 
 
11.7 6925 9860.093658 
189 
 
11 Pulse M8 Weld Hot 
 
26.5 19154 25398.50873 
190 
 
11 Beam M8 Flange Cold 
 
25.45 12108 16596.39797 
191 
 
11 Beam M8 Weld Hot 
 
25.4 12999 17731.20545 
192 
 
11 Pulse M8 Flange Cold 
 
27.3 17292 23109.67958 
193 
 
14 DC M6 Flange Cold 
 
10.09 6115 8785.525583 
194 
 
14 Beam M6 Flange Cold 
 
10.2 4900 7162.051684 
195 
 
14 DC M8 Flange Cold 
 
25.13 15915 21400.22441 
196 
 
14 Beam M6 Weld Cold 
 
9.94 5588 8083.081089 
197 
 
14 DC M6 Weld Cold 
 
10.04 6884 9805.848791 
198 
 
14 Pulse M8 Weld Hot 
 
26.1 17251 23058.98954 
199 
 
14 Pulse M6 Flange Cold 
 
11.4 6722 9591.362897 
200 
 
14 Pulse M8 Flange Cold 
 
27 14902 20133.28872 
201 
 
14 Pulse M8 Flange Hot 
 
27.5 15145 20437.9365 
202 
 
14 Pulse M6 Flange Hot 
 
10.2 7289 10341.00124 
203 
 
14 Beam M8 Flange Hot 
 
25.3 14497 19624.50472 
204 
 
14 DC M8 Weld Cold 
 
25.53 12635 17268.39506 
157 
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14 Beam M8 Flange Cold 
 
25.4 10610 14673.51812 
206 
 
14 DC M8 Flange Hot 
 
25.74 15226 20539.38246 
207 
 
14 Pulse M8 Weld Cold 
 
27.4 19762 26140.35418 
208 
 
14 Pulse M6 Weld Cold 
 
12 7370 10447.85044 
209 
 
14 Beam M6 Weld Hot 
 
10.1 6884 9805.848791 
210 
 
14 Beam M6 Flange Hot 
 
9.72 5588 8083.081089 
211 
 
14 DC M6 Weld Hot 
 
10.08 6884 9805.848791 
212 
 
14 DC M8 Weld Hot 
 
25.05 16198 21752.738 
213 
 
14 DC M6 Flange Hot 
 
10.13 6155 8838.734867 
214 
 
14 Pulse M6 Weld Hot 
 
11.1 7127 10127.12185 
215 
 
14 Beam M8 Weld Cold 
 
24.7 11258 15507.64275 
216 
 
14 Beam M8 Weld Hot 
 
24.55 12635 17268.39506 
217 
 
15 DC M6 Flange Hot 
 
10.06 6722 9591.362897 
218 
 
15 Beam M8 Weld Cold 
 
25.25 11582 15923.3674 
219 
 
15 Pulse M6 Flange Cold 
 
10.1 6641 9484.028482 
220 
 
15 DC M8 Flange Cold 
 
25.01 13768 18705.39611 
221 
 
15 Beam M8 Flange Cold 
 
25.05 9881 13730.81564 
222 
 
15 DC M8 Flange Hot 
 
25.38 14578 19726.36566 
223 
 
15 Beam M6 Weld Hot 
 
9.62 6803 9698.636299 
224 
 
15 Beam M6 Flange Cold 
 
9.92 4293 6345.659742 
225 
 
15 Pulse M6 Weld Hot 
 
10.6 7370 10447.85044 
226 
 
15 DC M8 Weld Cold 
 
25.31 17251 23058.98954 
227 
 
15 DC M6 Flange Cold 
 
10.13 6317 9054.078606 
228 
 
15 Beam M8 Weld Hot 
 
24.5 10043 13940.70287 
229 
 
15 Pulse M6 Flange Hot 
 
10.2 8018 11300.48575 
230 
 
15 Beam M6 Flange Hot 
 
10.48 5507 7974.881414 
231 
 
15 Pulse M8 Flange Hot 
 
27 13364 18194.1973 
232 
 
15 Pulse M6 Weld Cold 
 
10.8 6398 9161.658117 
233 
 
15 Pulse M8 Weld Cold 
 
27.7 17980 23958.39574 
234 
 
15 DC M6 Weld Hot 
 
10.04 7613 10768.03733 
235 
 
15 Beam M8 Flange Hot 
 
24.25 10772 14882.38549 
236 
 
15 Beam M6 Weld Cold 
 
9.92 3807 5689.408597 
237 
 
15 Pulse M8 Flange Cold 
 
26.3 14659 19828.17445 
238 
 
15 DC M8 Weld Hot 
 
25.01 13202 17988.83925 
239 
 
15 DC M6 Weld Cold 
 
10.06 5588 8083.081089 
240 
 
15 Pulse M8 Weld Hot 
 
27.2 14659 19828.17445 
241 
 
8 DC M6 Flange Hot 
 
10.1 6155 8838.734867 
242 
 
8 DC M6 Flange Cold 
 
10.02 5831 8407.30555 
243 
 
8 Pulse M6 Flange Cold 
 
10.6 5588 8083.081089 
244 
 
8 DC M6 Weld Hot 
 
10.06 6884 9805.848791 
245 
 
8 DC M6 Weld Cold 
 
10.03 6722 9591.362897 
246 
 
8 DC M8 Flange Hot 
 
25.35 13121 17886.07995 
247 
 
8 DC M8 Flange Cold 
 
25.32 14497 19624.50472 
248 
 
8 Beam M8 Flange Hot 
    
249 
 
8 Pulse M6 Weld Hot 
 
10.5 6155 8838.734867 
250 
 
8 Pulse M8 Flange Hot 
 
26.8 13606 18500.56926 
158 
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8 Pulse M8 Weld Cold 
 
27.9 15955 21450.08725 
252 
 
8 Pulse M6 Flange Hot 
 
10.2 6884 9805.848791 
253 
 
8 Pulse M8 Weld Hot 
 
27.4 20774 27369.22661 
254 
 
8 Beam M6 Weld Cold 
 
10.02 6884 9805.848791 
255 
 
8 Beam M6 Weld Hot 
 
10.1 6884 9805.848791 
256 
 
8 DC M8 Weld Cold 
 
25.32 15955 21450.08725 
257 
 
8 Beam M8 Flange Cold 
    
258 
 
8 Beam M8 Weld Cold 
 
23.75 11663 16027.16019 
259 
 
8 Beam M6 Flange Hot 
 
10.86 5831 8407.30555 
260 
 
8 Beam M8 Weld Hot 
 
24.75 13364 18194.1973 
261 
 
8 Beam M6 Flange Cold 
 
10.32 4293 6345.659742 
262 
 
8 Pulse M6 Weld Cold 
 
10.1 6398 9161.658117 
263 
 
8 DC M8 Weld Hot 
 
25.59 20369 26878.3146 
264 
 
8 Pulse M8 Flange Cold 
 
27.9 17332 23159.12104 
265 
 
17 Beam M8 Flange Hot 
 
24.7 13121 17886.07995 
266 
 
17 Pulse M6 Flange Cold 
 
10.9 5021 7324.364775 
267 
 
17 DC M8 Flange Hot 
    
268 
 
17 Beam M8 Weld Hot 
 
25.55 15955 21450.08725 
269 
 
17 Beam M8 Flange Cold 
 
26.1 11015 15195.26561 
270 
 
17 DC M6 Flange Cold 
 
10.06 6884 9805.848791 
271 
 
17 DC M8 Flange Cold 
 
25.17 17089 22858.57761 
272 
 
17 Beam M6 Flange Cold 
 
10.06 6479 9269.176197 
273 
 
17 Pulse M8 Flange Hot 
 
27.5 15226 20539.38246 
274 
 
17 Beam M6 Weld Cold 
 
10.26 7046 10020.09146 
275 
 
17 DC M6 Weld Cold 
 
10.07 6074 8730.970427 
276 
 
17 Beam M6 Flange Hot 
 
10.6 6722 9591.362897 
277 
 
17 Pulse M8 Flange Cold 
 
27.2 16522 22155.56445 
278 
 
17 Beam M8 Weld Cold 
 
24.5 13606 18500.56926 
279 
 
17 Pulse M8 Weld Cold 
 
27.9 18790 24953.08708 
280 
 
17 Pulse M8 Weld Hot 
 
26.4 18547 24655.18948 
281 
 
17 Pulse M6 Weld Hot 
 
10.4 6884 9805.848791 
282 
 
17 Pulse M6 Flange Hot 
 
10.9 5750 8299.293049 
283 
 
17 Pulse M6 Weld Cold 
 
12.5 6965 9913.000479 
284 
 
17 DC M6 Flange Hot 
 
10.09 6803 9698.636299 
285 
 
17 DC M8 Weld Cold 
 
25.37 15955 21450.08725 
286 
 
17 DC M6 Weld Hot 
 
10.05 6641 9484.028482 
287 
 
17 DC M8 Weld Hot 
 
25.48 12473 17062.06794 
288 
 
17 Beam M6 Weld Hot 
 
10.02 7046 10020.09146 
289 
 
18 Pulse M6 Weld Hot 
 
11 6884 9805.848791 
290 
 
18 Pulse M6 Flange Cold 
 
11.5 6884 9805.848791 
291 
 
18 Pulse M6 Weld Cold 
 
12.4 6884 9805.848791 
292 
 
18 DC M6 Weld Cold 
 
10.06 6884 9805.848791 
293 
 
18 DC M8 Weld Hot 
 
25.24 18547 24655.18948 
294 
 
18 Beam M6 Weld Cold 
 
10.28 6722 9591.362897 
295 
 
18 DC M6 Flange Cold 
 
10.08 6398 9161.658117 
296 
 
18 Beam M8 Weld Cold 
 
24.85 10772 14882.38549 
159 
 
    Factors   First Tightening 
Run Order 
 











18 Pulse M6 Flange Hot 
 
11.3 5426 7866.61913 
298 
 
18 DC M8 Flange Cold 
 
25.23 14659 19828.17445 
299 
 
18 Beam M6 Flange Hot 
 
9.84 6398 9161.658117 
300 
 
18 DC M6 Flange Hot 
 
10.06 6398 9161.658117 
301 
 
18 Beam M8 Weld Hot 
 
25.2 13364 18194.1973 
302 
 
18 Pulse M8 Flange Cold 
 
27.8 15145 20437.9365 
303 
 
18 Beam M6 Weld Hot 
 
9.76 6317 9054.078606 
304 
 
18 DC M8 Flange Hot 
 
25.43 11987 16441.78047 
305 
 
18 Pulse M8 Weld Cold 
 
27.1 19843 26238.98327 
306 
 
18 Beam M8 Flange Cold 
 
25.8 12797 17474.50566 
307 
 
18 Pulse M8 Flange Hot 
 
27.8 17251 23058.98954 
308 
 
18 Beam M6 Flange Cold 
 
9.52 5588 8083.081089 
309 
 
18 Pulse M8 Weld Hot 
 
27.3 18626 24752.0846 
310 
 
18 Beam M8 Flange Hot 
 
27.5 13606 18500.56926 
311 
 
18 DC M8 Weld Cold 
 
25.21 14659 19828.17445 
312 
 
18 DC M6 Weld Hot 
 
10.09 5588 8083.081089 
313 
 
2 Beam M8 Weld Hot 
 
25.6 14659 19828.17445 
314 
 
2 DC M8 Flange Hot 
 
25.84 12068 16545.29827 
315 
 
2 Pulse M8 Weld Cold 
 
26.8 16522 22155.56445 
316 
 
2 Beam M8 Flange Hot 
 
26.7 10772 14882.38549 
317 
 
2 Beam M6 Flange Cold 
 
9.82 4455 6563.894727 
318 
 
2 Beam M8 Flange Cold 
 
23.9 13283 18091.54501 
319 
 
2 DC M8 Weld Cold 
 
25.46 14659 19828.17445 
320 
 
2 DC M6 Weld Hot 
 
10.07 6317 9054.078606 
321 
 
2 DC M6 Weld Cold 
 
10.07 6398 9161.658117 
322 
 
2 Pulse M6 Weld Hot 
 
10.4 6803 9698.636299 
323 
 
2 Beam M6 Weld Cold 
 
9.86 5750 8299.293049 
324 
 
2 DC M6 Flange Hot 
 
10.1 7046 10020.09146 
325 
 
2 Pulse M6 Flange Cold 
 
11.3 6884 9805.848791 
326 
 
2 Beam M6 Weld Hot 
 
9.72 6398 9161.658117 
327 
 
2 Pulse M6 Flange Hot 
 
10.1 6074 8730.970427 
328 
 
2 DC M8 Flange Cold 
 
25.31 14092 19114.41491 
329 
 
2 Pulse M6 Weld Cold 
 
11.6 6884 9805.848791 
330 
 
2 Beam M8 Weld Cold 
 
23.8 14578 19726.36566 
331 
 
2 Pulse M8 Flange Hot 
 
26.4 17737 23659.03691 
332 
 
2 DC M8 Weld Hot 
 
25.22 19843 26238.98327 
333 
 
2 Pulse M8 Flange Cold 
 
27.6 15226 20539.38246 
334 
 
2 Beam M6 Flange Hot 
 
10.24 5102 7432.941737 
335 
 
2 DC M6 Flange Cold 
 
10.08 5588 8083.081089 
336 
 
2 Pulse M8 Weld Hot 
 
27.6 19114 25349.60875 
337 
 
16 Beam M6 Weld Cold 
 
10.14 5102 7432.941737 
338 
 
16 Pulse M6 Flange Hot 
 
10.5 6641 9484.028482 
339 
 
16 DC M6 Weld Cold 
 
10.11 6479 9269.176197 
340 
 
16 Pulse M6 Weld Cold 
 
10.7 6884 9805.848791 
341 
 
16 Beam M6 Flange Hot 
 
10.16 6479 9269.176197 
342 
 
16 Beam M6 Flange Cold 
 
10.04 5588 8083.081089 
160 
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16 DC M8 Flange Cold 
 
25.38 10772 14882.38549 
344 
 
16 Pulse M8 Weld Cold 
 
27.1 15955 21450.08725 
345 
 
16 DC M8 Flange Hot 
 
25.01 18547 24655.18948 
346 
 
16 DC M6 Flange Hot 
 
10.07 6884 9805.848791 
347 
 
16 Pulse M6 Flange Cold 
 
10.5 6884 9805.848791 
348 
 
16 Pulse M8 Flange Hot 
 
27.3 18466 24555.79346 
349 
 
16 Pulse M8 Weld Hot 
 
27.2 18790 24953.08708 
350 
 
16 Beam M8 Flange Hot 
 
25.15 11339 15611.65712 
351 
 
16 DC M8 Weld Cold 
 
25.47 13930 18910.01111 
352 
 
16 Beam M6 Weld Hot 
 
9.1 6722 9591.362897 
353 
 
16 DC M6 Flange Cold 
 
10.09 5507 7974.881414 
354 
 
16 DC M8 Weld Hot 
 
25.17 18385 24456.34891 
355 
 
16 Beam M8 Weld Cold 
 
23.65 16117 21651.90511 
356 
 
16 Pulse M6 Weld Hot 
 
11.8 5669 8191.218265 
357 
 
16 DC M6 Weld Hot 
 
10.07 6884 9805.848791 
358 
 
16 Pulse M8 Flange Cold 
 
26.2 15955 21450.08725 
359 
 
16 Beam M8 Weld Hot 
 
24.75 12149 16648.76133 
360 
 
16 Beam M8 Flange Cold 
 
25.25 12149 16648.76133 
361 
 
20 Pulse M6 Weld Hot 
 
10.9 6884 9805.848791 
362 
 
20 DC M6 Flange Cold 
 
10.07 6155 8838.734867 
363 
 
20 DC M8 Weld Cold 
 
25.1 16765 22457.15602 
364 
 
20 DC M8 Flange Hot 
 
25.18 13202 17988.83925 
365 
 
20 Beam M8 Flange Cold 
 
25.4 12230 16752.16974 
366 
 
20 Beam M8 Weld Cold 
 
25.95 10772 14882.38549 
367 
 
20 Beam M6 Weld Hot 
 
10.18 6884 9805.848791 
368 
 
20 Pulse M6 Flange Cold 
 
10.6 5021 7324.364775 
369 
 
20 Beam M8 Weld Hot 
 
25.35 17008 22758.29704 
370 
 
20 Pulse M8 Weld Cold 
 
26.9 20369 26878.3146 
371 
 
20 DC M6 Flange Hot 
 
10.05 6884 9805.848791 
372 
 
20 Beam M6 Flange Hot 
 
10.36 4293 6345.659742 
373 
 
20 Beam M6 Weld Cold 
 
10.4 6884 9805.848791 
374 
 
20 DC M8 Flange Cold 
 
25.02 13444 18295.5299 
375 
 
20 DC M6 Weld Hot 
 
10.08 6884 9805.848791 
376 
 
20 Pulse M8 Flange Hot 
 
27.3 18385 24456.34891 
377 
 
20 DC M6 Weld Cold 
 
10.05 6155 8838.734867 
378 
 
20 Pulse M6 Weld Cold 
 
11.3 6803 9698.636299 
379 
 
20 Beam M6 Flange Cold 
 
10.16 6722 9591.362897 
380 
 
20 DC M8 Weld Hot 
 
25.45 17251 23058.98954 
381 
 
20 Pulse M8 Flange Cold 
 
27.4 16765 22457.15602 
382 
 
20 Pulse M6 Flange Hot 
 
10.6 6884 9805.848791 
383 
 
20 Pulse M8 Weld Hot 
 
27.3 15550 20944.65193 
384 
 
20 Beam M8 Flange Hot 
 
26.2 12797 17474.50566 
385 
 
1 Pulse M6 Flange Hot 
 
11.5 6074 8730.970427 
386 
 
1 DC M8 Flange Hot 
 
25.54 15955 21450.08725 
387 
 
1 DC M8 Flange Cold 
 
25.01 14695 19873.40609 
388 
 
1 Pulse M8 Weld Hot 
 
26.4 18142 24157.72338 
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1 DC M6 Weld Hot 
 
10.04 7289 10341.00124 
390 
 
1 Beam M8 Flange Hot 
 
26.85 12149 16648.76133 
391 
 
1 DC M6 Weld Cold 
 
10.08 6884 9805.848791 
392 
 
1 Pulse M8 Weld Cold 
 
27.1 19843 26238.98327 
393 
 
1 Beam M6 Weld Hot 
 
9.88 7451 10554.63946 
394 
 
1 Beam M6 Flange Cold 
 
10.24 6074 8730.970427 
395 
 
1 Beam M8 Weld Cold 
 
24.55 13444 18295.5299 
396 
 
1 Pulse M6 Weld Hot 
 
11.5 7451 10554.63946 
397 
 
1 DC M8 Weld Cold 
 
25.03 16522 22155.56445 
398 
 
1 DC M6 Flange Cold 
 
10.08 5750 8299.293049 
399 
 
1 DC M8 Weld Hot 
 
25.2 19883 26287.67153 
400 
 
1 Beam M8 Weld Hot 
 
26.9 12068 16545.29827 
401 
 
1 Pulse M8 Flange Cold 
 
28.3 18547 24655.18948 
402 
 
1 Beam M8 Flange Cold 
 
25.1 11663 16027.16019 
403 
 
1 Pulse M6 Flange Cold 
 
11.2 6398 9161.658117 
404 
 
1 DC M6 Flange Hot 
 
10.13 6398 9161.658117 
405 
 
1 Pulse M8 Flange Hot 
 
27.3 14658 19826.91787 
406 
 
1 Beam M6 Flange Hot 
 
10.1 6479 9269.176197 
407 
 
1 Pulse M6 Weld Cold 
 
11.9 5750 8299.293049 
408 
 
1 Beam M6 Weld Cold 
 
10.6 5588 8083.081089 
409 
 
12 Pulse M6 Weld Cold 
 
11.4 6884 9805.848791 
410 
 
12 Pulse M8 Flange Cold 
 
27.6 17413 23259.203 
411 
 
12 Beam M8 Weld Hot 
 
24.9 12878 17577.47997 
412 
 
12 Beam M8 Weld Cold 
 
25.75 12635 17268.39506 
413 
 
12 Pulse M6 Flange Cold 
 
10.8 5750 8299.293049 
414 
 
12 DC M6 Flange Cold 
 
10.05 7046 10020.09146 
415 
 
12 Beam M8 Flange Hot 
 
25.45 13121 17886.07995 
416 
 
12 DC M6 Weld Cold 
 
10.07 6317 9054.078606 
417 
 
12 DC M8 Weld Cold 
 
25.21 14821 20031.63591 
418 
 
12 Beam M6 Flange Hot 
 
9.7 5750 8299.293049 
419 
 
12 Pulse M6 Weld Hot 
 
11.3 7046 10020.09146 
420 
 
12 DC M6 Weld Hot 
 
10.09 6317 9054.078606 
421 
 
12 Pulse M8 Weld Cold 
 
26 21341 28054.54924 
422 
 
12 Beam M8 Flange Cold 
 
26.25 12635 17268.39506 
423 
 
12 DC M8 Flange Cold 
 
25.55 13364 18194.1973 
424 
 
12 DC M8 Weld Hot 
 
25.54 16360 21954.2521 
425 
 
12 Beam M6 Weld Cold 
 
10.24 5588 8083.081089 
426 
 
12 Pulse M6 Flange Hot 
 
12.7 4778 6998.253853 
427 
 
12 DC M8 Flange Hot 
 
25.19 12878 17577.47997 
428 
 
12 Beam M6 Weld Hot 
 
10.36 8180 11513.04873 
429 
 
12 DC M6 Flange Hot 
 
10.06 6884 9805.848791 
430 
 
12 Pulse M8 Weld Hot 
 
26.9 15955 21450.08725 
431 
 
12 Beam M6 Flange Cold 
 
9.5 5588 8083.081089 
432 
 
12 Pulse M8 Flange Hot 
 
26.2 19883 26287.67153 
433 
 
7 Beam M8 Weld Cold 
 
25.4 12068 16545.29827 
434 
 
7 DC M8 Flange Hot 
 
25.12 16684 22356.67566 
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7 DC M8 Weld Cold 
 
25.02 16846 22557.58632 
436 
 
7 Beam M6 Flange Hot 
 
9.92 4778 6998.253853 
437 
 
7 Pulse M8 Flange Cold 
 
26.6 15226 20539.38246 
438 
 
7 DC M6 Flange Cold 
 
10.07 5588 8083.081089 
439 
 
7 DC M6 Weld Cold 
 
10.06 6479 9269.176197 
440 
 
7 DC M6 Flange Hot 
 
10.04 5588 8083.081089 
441 
 
7 Beam M6 Weld Cold 
 
10.3 6722 9591.362897 
442 
 
7 Pulse M6 Flange Hot 
 
10.3 5831 8407.30555 
443 
 
7 DC M8 Weld Hot 
 
25.54 18061 24058.084 
444 
 
7 Beam M8 Flange Cold 
 
25.2 11825 16234.58033 
445 
 
7 DC M6 Weld Hot 
 
10.09 6884 9805.848791 
446 
 
7 Pulse M6 Weld Hot 
 
11.6 6479 9269.176197 
447 
 
7 Beam M8 Weld Hot 
 
26.05 13364 18194.1973 
448 
 
7 Beam M6 Flange Cold 
 
10.56 4778 6998.253853 
449 
 
7 DC M8 Flange Cold 
 
25.04 12149 16648.76133 
450 
 
7 Beam M8 Flange Hot 
 
25.45 11015 15195.26561 
451 
 
7 Pulse M8 Flange Hot 
 
26.7 17332 23159.12104 
452 
 
7 Pulse M6 Weld Cold 
 
10.7 6398 9161.658117 
453 
 
7 Beam M6 Weld Hot 
 
10.3 6884 9805.848791 
454 
 
7 Pulse M8 Weld Cold 
 
25.5 19600 25942.95368 
455 
 
7 Pulse M6 Flange Cold 
 
11.6 6074 8730.970427 
456 
 
7 Pulse M8 Weld Hot 
 
26.7 19843 26238.98327 
457 
 
4 DC M8 Weld Cold 
 
25.07 17251 23058.98954 
458 
 
4 Beam M8 Weld Hot 
 
24.3 10853 14986.7349 
459 
 
4 Pulse M8 Weld Cold 
 
26.6 17332 23159.12104 
460 
 
4 Pulse M8 Weld Hot 
 
26.8 22475 29418.43822 
461 
 
4 Pulse M6 Weld Hot 
 
10 6641 9484.028482 
462 
 
4 Pulse M8 Flange Cold 
 
27 17818 23758.87226 
463 
 
4 DC M8 Flange Cold 
 
25.41 13121 17886.07995 
464 
 
4 DC M6 Flange Hot 
 
10.03 6398 9161.658117 
465 
 
4 DC M8 Flange Hot 
 
25.51 12554 17165.25861 
466 
 
4 Beam M8 Flange Cold 
 
25.25 10691 14777.97993 
467 
 
4 Beam M6 Flange Hot 
 
9.68 7046 10020.09146 
468 
 
4 Pulse M6 Flange Cold 
 
10.2 6479 9269.176197 
469 
 
4 Pulse M6 Flange Hot 
 
10.2 5426 7866.61913 
470 
 
4 Beam M6 Weld Hot 
 
9.94 6884 9805.848791 
471 
 
4 Beam M6 Weld Cold 
 
9.64 5426 7866.61913 
472 
 
4 DC M6 Flange Cold 
 
10.06 5588 8083.081089 
473 
 
4 Beam M8 Weld Cold 
 
24.3 14659 19828.17445 
474 
 
4 Beam M8 Flange Hot 
 
24.85 10772 14882.38549 
475 
 
4 DC M6 Weld Hot 
 
10.06 7046 10020.09146 
476 
 
4 Beam M6 Flange Cold 
 
10.22 5588 8083.081089 
477 
 
4 DC M8 Weld Hot 
 
25.33 17413 23259.203 
478 
 
4 DC M6 Weld Cold 
 
10.04 5588 8083.081089 
479 
 
4 Pulse M8 Flange Hot 
 
27.7 18466 24555.79346 
480 
 
4 Pulse M6 Weld Cold 
 
11 5750 8299.293049 
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Appendix D: Data Analysis Table with Torque 2 and Force 2 
 
For explanations of the column headers Tool, Diameter, Nut, and Plate, refer to 
table 3.1. The following list summarizes and explains the column headers used in the data 
tables and throughout the data analysis: 
- Torque 2: the recorded torque applied from the second tightening. 
- Force Readout 2: the recorded force washer readout from the second 
tightening. 
- Translated Force 2: the translated force value of the second tightening, 
explained in section 4.2. 
Table D.1.  
Data Analysis Table with Torque 2 and Force 2. 
    Factors   Second Tightening 
Run Order 
 









1   10 DC M6 Flange Hot   10.09 4900 7162.051684 
2 
 
10 Pulse M8 Weld Cold 
 
26.6 18344 24405.99426 
3 
 
10 Beam M6 Flange Hot 
 
10.28 4495 6617.740437 
4 
 
10 Beam M6 Weld Hot 
 
10.34 7006 9967.214607 
5 
 
10 Pulse M6 Flange Cold 
 
10.6 5629 8137.824995 
6 
 
10 Beam M8 Flange Hot 
 
25.95 14781 19981.41784 
7 
 
10 DC M8 Weld Hot 
 
25.33 19883 26287.67153 
8 
 
10 Beam M6 Flange Cold 
 
10 4333 6399.568791 
9 
 
10 Pulse M8 Weld Hot 
 
26.3 19397 25695.32522 
10 
 
10 Pulse M8 Flange Hot 
 
27.6 15186 20489.29214 
11 
 
10 Beam M8 Weld Hot 
 
25.55 15105 20387.8207 
12 
 
10 DC M8 Flange Hot 
 
25.6 16077 21602.0924 
13 
 
10 Pulse M6 Weld Hot 
 
10.7 6439 9216.08852 
14 
 
10 DC M8 Flange Cold 
 
25.21 14700 19879.68744 
15 
 
10 Pulse M6 Flange Hot 
 
10.1 5791 8353.973821 
16 
 
10 Beam M8 Weld Cold 
 
25.95 19721 26090.41274 
17 
 
10 Beam M8 Flange Cold 
 
25.35 9759 13572.6015 
18 
 
10 DC M6 Weld Cold 
 
10.05 5629 8137.824995 
19 
 
10 DC M6 Weld Hot 
 
10.06 6925 9860.093658 
20 
 
10 DC M8 Weld Cold 
 
25.26 14214 19268.20962 
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10 Beam M6 Weld Cold 
 
10.86 6520 9323.575545 
22 
 
10 Pulse M8 Flange Cold 
 
28.1 18020 24007.63063 
23 
 
10 Pulse M6 Weld Cold 
 
10.6 7411 10501.91166 
24 
 
10 DC M6 Flange Cold 
 
10.12 4333 6399.568791 
25 
 
3 DC M6 Weld Cold 
 
10.08 4333 6399.568791 
26 
 
3 DC M6 Flange Cold 
 
10.07 4495 6617.740437 
27 
 
3 Beam M8 Flange Cold 
 
25 12108 16596.39797 
28 
 
3 Beam M8 Weld Hot 
 
26.5 16887 22608.40235 
29 
 
3 DC M8 Weld Cold 
 
25.03 17373 23209.786 
30 
 
3 Beam M6 Flange Hot 
 
10 5143 7487.876364 
31 
 
3 Pulse M8 Flange Hot 
 
27.4 16563 22206.48195 
32 
 
3 DC M8 Weld Hot 
 
25.12 15186 20489.29214 
33 
 
3 Beam M6 Weld Hot 
 
11.04 8059 11354.30498 
34 
 
3 Beam M6 Flange Cold 
 
9.98 4333 6399.568791 
35 
 
3 Beam M8 Weld Cold 
 
25.8 18587 24704.25606 
36 
 
3 DC M8 Flange Cold 
 
35.03 17454 23309.84291 
37 
 
3 Pulse M8 Flange Cold 
 
26.6 14862 20083.09628 
38 
 
3 Pulse M6 Weld Hot 
 
11.5 7816 11035.10524 
39 
 
3 Pulse M6 Weld Cold 
 
12.43 7006 9967.214607 
40 
 
3 Pulse M8 Weld Cold 
 
26.2 17373 23209.786 
41 
 
3 Beam M6 Weld Cold 
 
10.56 7816 11035.10524 
42 
 
3 DC M6 Flange Hot 
 
10.05 5791 8353.973821 
43 
 
3 DC M6 Weld Hot 
 
10.07 7330 10395.09293 
44 
 
3 Pulse M6 Flange Cold 
 
11.4 7492 10608.67025 
45 
 
3 Pulse M6 Flange Hot 
 
10.8 7168 10181.27466 
46 
 
3 Beam M8 Flange Hot 
 
24.25 10812 14933.92307 
47 
 
3 Pulse M8 Weld Hot 
 
27.1 18587 24704.25606 
48 
 
3 DC M8 Flange Hot 
 
25.18 15429 20793.39742 
49 
 
9 Pulse M8 Weld Hot 
 
27.7 19883 26287.67153 
50 
 
9 Beam M8 Weld Hot 
 
24.9 18741 24893.0522 
51 
 
9 DC M8 Flange Hot 
 
25.33 10002 13887.60483 
52 
 
9 Beam M6 Weld Cold 
 
10.1 6196 8893.258754 
53 
 
9 DC M8 Flange Cold 
 
25.35 13404 18244.8701 
54 
 
9 DC M8 Weld Cold 
 
25.18 21220 27908.48914 
55 
 
9 DC M6 Weld Hot 
 
10.09 6925 9860.093658 
56 
 
9 Beam M6 Flange Hot 
 
9.98 4090 6071.829414 
57 
 
9 Pulse M6 Weld Hot 
 
11.5 6844 9752.911956 
58 
 
9 Beam M8 Flange Hot 
 
25.65 11055 15246.72023 
59 
 
9 DC M6 Weld Cold 
 
10.06 5629 8137.824995 
60 
 
9 DC M6 Flange Cold 
 
10.01 5548 8029.656969 
61 
 
9 DC M6 Flange Hot 
 
10.09 6763 9645.669398 
62 
 
9 Pulse M6 Weld Cold 
 
12.6 7978 11247.96453 
63 
 
9 DC M8 Weld Hot 
 
25.26 24621 31975.3686 
64 
 
9 Pulse M6 Flange Cold 
 
12.3 6439 9216.08852 
65 
 
9 Beam M8 Flange Cold 
 
25.15 10812 14933.92307 
66 
 
9 Beam M6 Weld Hot 
 
10.4 6925 9860.093658 
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9 Pulse M8 Weld Cold 
 
28.6 18587 24704.25606 
68 
 
9 Beam M6 Flange Cold 
 
10.72 5548 8029.656969 
69 
 
9 Beam M8 Weld Cold 
 
24.7 17292 23109.67958 
70 
 
9 Pulse M6 Flange Hot 
 
11.7 7925 11178.35159 
71 
 
9 Pulse M8 Flange Hot 
 
27.7 19721 26090.41274 
72 
 
9 Pulse M8 Flange Cold 
 
27.4 14691 19868.38086 
73 
 
19 DC M6 Weld Cold 
 
10.04 5729 8271.279646 
74 
 
19 Pulse M6 Weld Hot 
 
12.4 8221 11566.80797 
75 
 
19 Beam M6 Flange Cold 
 
10.2 4333 6399.568791 
76 
 
19 DC M8 Flange Hot 
 
25.37 14214 19268.20962 
77 
 
19 DC M6 Weld Hot 
 
10.06 7422 10516.41326 
78 
 
19 DC M6 Flange Hot 
 
10.06 6439 9216.08852 
79 
 
19 DC M8 Weld Hot 
 
25.03 22515 29466.38435 
80 
 
19 Beam M8 Weld Cold 
 
25.2 14295 19370.25341 
81 
 
19 Beam M6 Weld Hot 
 
11.3 7735 10928.58619 
82 
 
19 Pulse M6 Flange Hot 
 
11.7 6925 9860.093658 
83 
 
19 Pulse M8 Flange Hot 
 
27.8 18182 24206.91 
84 
 
19 Beam M8 Weld Hot 
 
25.45 14457 19574.18376 
85 
 
19 Pulse M6 Weld Cold 
 
11.4 6925 9860.093658 
86 
 
19 Pulse M8 Weld Hot 
 
26.8 19883 26287.67153 
87 
 
19 DC M8 Weld Cold 
 
25.05 21220 27908.48914 
88 
 
19 Beam M6 Weld Cold 
 
10.32 7168 10181.27466 
89 
 
19 DC M8 Flange Cold 
 
25.04 13404 18244.8701 
90 
 
19 Pulse M6 Flange Cold 
 
11.5 6844 9752.911956 
91 
 
19 DC M6 Flange Cold 
 
10.09 5629 8137.824995 
92 
 
19 Beam M8 Flange Cold 
 
25.8 11703 16078.39553 
93 
 
19 Beam M6 Flange Hot 
 
11.08 5143 7487.876364 
94 
 
19 Pulse M8 Weld Cold 
 
26.2 18020 24007.63063 
95 
 
19 Pulse M8 Flange Cold 
 
27.4 16158 21702.95031 
96 
 
19 Beam M8 Flange Hot 
 
25.55 11946 16389.36168 
97 
 
6 DC M8 Weld Cold 
 
25.1 18506 24604.88398 
98 
 
6 Pulse M6 Weld Cold 
 
11.9 6925 9860.093658 
99 
 
6 Beam M6 Weld Cold 
 
10.3 6925 9860.093658 
100 
 
6 Beam M6 Weld Hot 
 
11.1 8626 12097.03227 
101 
 
6 Pulse M6 Flange Cold 
 
11.9 7006 9967.214607 
102 
 
6 Pulse M8 Flange Hot 
 
26.1 18587 24704.25606 
103 
 
6 Beam M6 Flange Hot 
 
10.58 7006 9967.214607 
104 
 
6 DC M8 Flange Cold 
 
25.19 22111 28981.62081 
105 
 
6 Pulse M8 Flange Cold 
 
28.4 16158 21702.95031 
106 
 
6 Pulse M8 Weld Hot 
 
26.8 19924 26337.56502 
107 
 
6 DC M6 Flange Cold 
 
10.08 3928 5853.013896 
108 
 
6 DC M8 Flange Hot 
 
25.24 13404 18244.8701 
109 
 
6 DC M6 Flange Hot 
 
10.07 6925 9860.093658 
110 
 
6 Beam M8 Weld Hot 
 
25.3 19924 26337.56502 
111 
 
6 DC M6 Weld Hot 
 
10.08 6925 9860.093658 
112 
 
6 Beam M8 Weld Cold 
 
25.3 18749 24902.85502 
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6 Beam M8 Flange Hot 
 
26.05 11703 16078.39553 
114 
 
6 DC M8 Weld Hot 
 
25.86 21301 28006.27631 
115 
 
6 Pulse M6 Weld Hot 
 
11.3 7006 9967.214607 
116 
 
6 Pulse M8 Weld Cold 
 
26.6 18830 25002.08205 
117 
 
6 Pulse M6 Flange Hot 
 
10.9 7654 10822.00741 
118 
 
6 Beam M8 Flange Cold 
 
26.15 10569 14620.62092 
119 
 
6 DC M6 Weld Cold 
 
10.08 5629 8137.824995 
120 
 
6 Beam M6 Flange Cold 
 
10.82 6844 9752.911956 
121 
 
13 Pulse M8 Weld Hot 
 
26.5 21058 27712.77611 
122 
 
13 DC M8 Weld Hot 
 
25.6 19883 26287.67153 
123 
 
13 Beam M8 Flange Cold 
 
25.3 12027 16492.90722 
124 
 
13 DC M8 Flange Hot 
 
25.45 14295 19370.25341 
125 
 
13 Pulse M8 Flange Cold 
 
27.2 14700 19879.68744 
126 
 
13 Beam M8 Weld Cold 
 
25.75 13566 18449.96204 
127 
 
13 DC M6 Flange Cold 
 
10.07 6358 9108.540117 
128 
 
13 Beam M6 Flange Hot 
 
10.22 6115 8785.525583 
129 
 
13 Beam M8 Flange Hot 
 
25.55 11217 15454.97231 
130 
 
13 DC M8 Weld Cold 
 
25.78 20734 27320.79343 
131 
 
13 Pulse M6 Flange Cold 
 
11.4 8221 11566.80797 
132 
 
13 Pulse M6 Flange Hot 
 
11.1 6925 9860.093658 
133 
 
13 Pulse M8 Flange Hot 
 
26.5 16239 21803.75759 
134 
 
13 DC M6 Weld Hot 
 
10.07 6925 9860.093658 
135 
 
13 Pulse M8 Weld Cold 
 
27.1 19883 26287.67153 
136 
 
13 DC M6 Flange Hot 
 
10.03 5791 8353.973821 
137 
 
13 Pulse M6 Weld Cold 
 
11.6 5791 8353.973821 
138 
 
13 DC M8 Flange Cold 
 
25.55 14295 19370.25341 
139 
 
13 Beam M6 Flange Cold 
 
9.68 5629 8137.824995 
140 
 
13 Beam M8 Weld Hot 
 
25.4 18587 24704.25606 
141 
 
13 DC M6 Weld Cold 
 
10.07 6682 9538.36588 
142 
 
13 Beam M6 Weld Hot 
 
10.52 9030 12624.48664 
143 
 
13 Beam M6 Weld Cold 
 
10.7 6925 9860.093658 
144 
 
13 Pulse M6 Weld Hot 
 
11.3 7816 11035.10524 
145 
 
5 Pulse M6 Flange Cold 
 
11.6 6925 9860.093658 
146 
 
5 Pulse M6 Weld Cold 
 
11.8 7735 10928.58619 
147 
 
5 Beam M8 Weld Cold 
 
25.5 17292 23109.67958 
148 
 
5 DC M8 Weld Hot 
 
25.81 21220 27908.48914 
149 
 
5 DC M6 Flange Cold 
 
10.08 5710 8245.930576 
150 
 
5 Pulse M8 Weld Cold 
 
26.5 19883 26287.67153 
151 
 
5 Pulse M8 Weld Hot 
 
27.3 19883 26287.67153 
152 
 
5 Beam M8 Weld Hot 
 
25.85 15996 21501.1838 
153 
 
5 Beam M6 Flange Hot 
 
10.9 5386 7813.133148 
154 
 
5 DC M6 Weld Cold 
 
10.1 6763 9645.669398 
155 
 
5 Pulse M6 Flange Hot 
 
11.1 8059 11354.30498 
156 
 
5 Pulse M8 Flange Cold 
 
27.6 15996 21501.1838 
157 
 
5 Beam M8 Flange Cold 
 
25.05 10407 14411.47105 
158 
 
5 Beam M8 Flange Hot 
 
24.8 12108 16596.39797 
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5 DC M6 Weld Hot 
 
10.05 6925 9860.093658 
160 
 
5 DC M8 Weld Cold 
 
25.75 19924 26337.56502 
161 
 
5 Beam M6 Flange Cold 
 
9.9 4333 6399.568791 
162 
 
5 Beam M6 Weld Cold 
 
9.92 6520 9323.575545 
163 
 
5 Beam M6 Weld Hot 
 
9.96 7492 10608.67025 
164 
 
5 DC M8 Flange Hot 
 
25.25 13404 18244.8701 
165 
 
5 DC M6 Flange Hot 
 
10.06 6925 9860.093658 
166 
 
5 DC M8 Flange Cold 
 
25.94 18101 24107.29474 
167 
 
5 Pulse M8 Flange Hot 
 
26.5 21220 27908.48914 
168 
 
5 Pulse M6 Weld Hot 
 
10.9 8221 11566.80797 
169 
 
11 Beam M6 Weld Cold 
 
10.32 8221 11566.80797 
170 
 
11 DC M8 Weld Cold 
 
25.74 18992 25200.39153 
171 
 
11 DC M6 Flange Hot 
 
10.09 6844 9752.911956 
172 
 
11 DC M6 Weld Cold 
 
10.03 6439 9216.08852 
173 
 
11 DC M8 Weld Hot 
 
25.63 21139 27810.65576 
174 
 
11 Pulse M8 Weld Cold 
 
25.9 18830 25002.08205 
175 
 
11 Beam M6 Flange Cold 
 
10.34 6358 9108.540117 
176 
 
11 Beam M6 Weld Hot 
 
10.52 7654 10822.00741 
177 
 
11 Beam M8 Weld Cold 
 
23.4 14862 20083.09628 
178 
 
11 DC M6 Weld Hot 
 
10.74 8464 11885.11917 
179 
 
11 Pulse M8 Flange Hot 
 
26 17373 23209.786 
180 
 
11 DC M6 Flange Cold 
 
10.06 6115 8785.525583 
181 
 
11 DC M8 Flange Cold 
 
25.11 14862 20083.09628 
182 
 
11 Beam M6 Flange Hot 
 
10.52 6925 9860.093658 
183 
 
11 Beam M8 Flange Hot 
 
24.8 11946 16389.36168 
184 
 
11 DC M8 Flange Hot 
 
25.51 14700 19879.68744 
185 
 
11 Pulse M6 Flange Hot 
 
11.4 6358 9108.540117 
186 
 
11 Pulse M6 Weld Hot 
 
13.4 9354 13046.44852 
187 
 
11 Pulse M6 Flange Cold 
 
11.5 7087 10074.27491 
188 
 
11 Pulse M6 Weld Cold 
 
13.5 8140 11460.58609 
189 
 
11 Pulse M8 Weld Hot 
 
27.1 21220 27908.48914 
190 
 
11 Beam M8 Flange Cold 
 
25.9 10974 15142.51047 
191 
 
11 Beam M8 Weld Hot 
 
24.95 17373 23209.786 
192 
 
11 Pulse M8 Flange Cold 
 
26.6 17292 23109.67958 
193 
 
14 DC M6 Flange Cold 
 
10.05 5629 8137.824995 
194 
 
14 Beam M6 Flange Cold 
 
10.28 4576 6726.730218 
195 
 
14 DC M8 Flange Cold 
 
25.37 14943 20184.72286 
196 
 
14 Beam M6 Weld Cold 
 
10.44 6317 9054.078606 
197 
 
14 DC M6 Weld Cold 
 
10.07 5588 8083.081089 
198 
 
14 Pulse M8 Weld Hot 
 
26.5 21260 27956.78487 
199 
 
14 Pulse M6 Flange Cold 
 
12.6 6884 9805.848791 
200 
 
14 Pulse M8 Flange Cold 
 
27.7 14659 19828.17445 
201 
 
14 Pulse M8 Flange Hot 
 
26.2 16198 21752.738 
202 
 
14 Pulse M6 Flange Hot 
 
10.9 6884 9805.848791 
203 
 
14 Beam M8 Flange Hot 
 
25 12635 17268.39506 
204 
 
14 DC M8 Weld Cold 
 
25.18 14659 19828.17445 
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14 Beam M8 Flange Cold 
 
25.2 9557 13310.35441 
206 
 
14 DC M8 Flange Hot 
 
25.41 14659 19828.17445 
207 
 
14 Pulse M8 Weld Cold 
 
27.2 19843 26238.98327 
208 
 
14 Pulse M6 Weld Cold 
 
11.3 8180 11513.04873 
209 
 
14 Beam M6 Weld Hot 
 
10.4 6884 9805.848791 
210 
 
14 Beam M6 Flange Hot 
 
10.96 6479 9269.176197 
211 
 
14 DC M6 Weld Hot 
 
10.13 6965 9913.000479 
212 
 
14 DC M8 Weld Hot 
 
25.14 19843 26238.98327 
213 
 
14 DC M6 Flange Hot 
 
10.03 6803 9698.636299 
214 
 
14 Pulse M6 Weld Hot 
 
11.1 7694 10874.64638 
215 
 
14 Beam M8 Weld Cold 
 
25.05 13364 18194.1973 
216 
 
14 Beam M8 Weld Hot 
 
25.7 18628 24754.53704 
217 
 
15 DC M6 Flange Hot 
 
10.1 6317 9054.078606 
218 
 
15 Beam M8 Weld Cold 
 
24.25 12878 17577.47997 
219 
 
15 Pulse M6 Flange Cold 
 
10.3 6884 9805.848791 
220 
 
15 DC M8 Flange Cold 
 
25.3 17413 23259.203 
221 
 
15 Beam M8 Flange Cold 
 
25.5 9638 13415.55579 
222 
 
15 DC M8 Flange Hot 
 
25.09 12635 17268.39506 
223 
 
15 Beam M6 Weld Hot 
 
9.66 6884 9805.848791 
224 
 
15 Beam M6 Flange Cold 
 
11.62 5507 7974.881414 
225 
 
15 Pulse M6 Weld Hot 
 
12.4 8342 11725.37497 
226 
 
15 DC M8 Weld Cold 
 
25.65 17251 23058.98954 
227 
 
15 DC M6 Flange Cold 
 
10.16 5831 8407.30555 
228 
 
15 Beam M8 Weld Hot 
 
25.05 13283 18091.54501 
229 
 
15 Pulse M6 Flange Hot 
 
10.4 6884 9805.848791 
230 
 
15 Beam M6 Flange Hot 
 
10.38 4697 6889.423164 
231 
 
15 Pulse M8 Flange Hot 
 
25.7 13364 18194.1973 
232 
 
15 Pulse M6 Weld Cold 
 
12.5 6965 9913.000479 
233 
 
15 Pulse M8 Weld Cold 
 
25.1 18466 24555.79346 
234 
 
15 DC M6 Weld Hot 
 
10.05 8180 11513.04873 
235 
 
15 Beam M8 Flange Hot 
 
26.25 11582 15923.3674 
236 
 
15 Beam M6 Weld Cold 
 
10.68 7694 10874.64638 
237 
 
15 Pulse M8 Flange Cold 
 
26.4 15793 21248.06612 
238 
 
15 DC M8 Weld Hot 
 
25.01 13364 18194.1973 
239 
 
15 DC M6 Weld Cold 
 
10.11 5669 8191.218265 
240 
 
15 Pulse M8 Weld Hot 
 
27.4 16846 22557.58632 
241 
 
8 DC M6 Flange Hot 
 
10.14 5588 8083.081089 
242 
 
8 DC M6 Flange Cold 
 
10.03 5669 8191.218265 
243 
 
8 Pulse M6 Flange Cold 
 
11.4 6884 9805.848791 
244 
 
8 DC M6 Weld Hot 
 
10.09 7451 10554.63946 
245 
 
8 DC M6 Weld Cold 
 
10.05 6722 9591.362897 
246 
 
8 DC M8 Flange Hot 
 
25.12 13283 18091.54501 
247 
 
8 DC M8 Flange Cold 
 
25.47 13849 18807.73005 
248 
 
8 Beam M8 Flange Hot 
    
249 
 
8 Pulse M6 Weld Hot 
 
11.5 6884 9805.848791 
250 
 
8 Pulse M8 Flange Hot 
 
26.3 15469 20843.41157 
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8 Pulse M8 Weld Cold 
 
26.6 18709 24853.83622 
252 
 
8 Pulse M6 Flange Hot 
 
10.2 6884 9805.848791 
253 
 
8 Pulse M8 Weld Hot 
 
27.2 19843 26238.98327 
254 
 
8 Beam M6 Weld Cold 
 
9.98 8099 11406.79689 
255 
 
8 Beam M6 Weld Hot 
 
10.52 8180 11513.04873 
256 
 
8 DC M8 Weld Cold 
 
25.5 21098 27761.11753 
257 
 
8 Beam M8 Flange Cold 
    
258 
 
8 Beam M8 Weld Cold 
 
23.75 14659 19828.17445 
259 
 
8 Beam M6 Flange Hot 
 
9.9 4535 6671.570542 
260 
 
8 Beam M8 Weld Hot 
 
25.45 17251 23058.98954 
261 
 
8 Beam M6 Flange Cold 
 
10.6 4293 6345.659742 
262 
 
8 Pulse M6 Weld Cold 
 
11.9 7613 10768.03733 
263 
 
8 DC M8 Weld Hot 
 
25.28 22313 29224.14357 
264 
 
8 Pulse M8 Flange Cold 
 
26.4 16441 22054.93346 
265 
 
17 Beam M8 Flange Hot 
 
25.4 12068 16545.29827 
266 
 
17 Pulse M6 Flange Cold 
 
11.8 6884 9805.848791 
267 
 
17 DC M8 Flange Hot 
    
268 
 
17 Beam M8 Weld Hot 
 
24.15 19276 25547.58152 
269 
 
17 Beam M8 Flange Cold 
 
24.8 10043 13940.70287 
270 
 
17 DC M6 Flange Cold 
 
10.08 6074 8730.970427 
271 
 
17 DC M8 Flange Cold 
 
25.25 19883 26287.67153 
272 
 
17 Beam M6 Flange Cold 
 
10.28 6317 9054.078606 
273 
 
17 Pulse M8 Flange Hot 
 
26.6 16441 22054.93346 
274 
 
17 Beam M6 Weld Cold 
 
10.2 8099 11406.79689 
275 
 
17 DC M6 Weld Cold 
 
10.03 5831 8407.30555 
276 
 
17 Beam M6 Flange Hot 
 
10.34 6074 8730.970427 
277 
 
17 Pulse M8 Flange Cold 
 
26.9 15955 21450.08725 
278 
 
17 Beam M8 Weld Cold 
 
24.8 17737 23659.03691 
279 
 
17 Pulse M8 Weld Cold 
 
26.3 18385 24456.34891 
280 
 
17 Pulse M8 Weld Hot 
 
27.8 19762 26140.35418 
281 
 
17 Pulse M6 Weld Hot 
 
12 6884 9805.848791 
282 
 
17 Pulse M6 Flange Hot 
 
10.9 6884 9805.848791 
283 
 
17 Pulse M6 Weld Cold 
 
12.2 8180 11513.04873 
284 
 
17 DC M6 Flange Hot 
 
10.08 6155 8838.734867 
285 
 
17 DC M8 Weld Cold 
 
25.07 18547 24655.18948 
286 
 
17 DC M6 Weld Hot 
 
10.12 6884 9805.848791 
287 
 
17 DC M8 Weld Hot 
 
25.23 19357 25646.49612 
288 
 
17 Beam M6 Weld Hot 
 
10.18 8180 11513.04873 
289 
 
18 Pulse M6 Weld Hot 
 
11.2 6965 9913.000479 
290 
 
18 Pulse M6 Flange Cold 
 
11.4 7370 10447.85044 
291 
 
18 Pulse M6 Weld Cold 
 
11.7 7613 10768.03733 
292 
 
18 DC M6 Weld Cold 
 
10.07 6884 9805.848791 
293 
 
18 DC M8 Weld Hot 
 
25.56 18709 24853.83622 
294 
 
18 Beam M6 Weld Cold 
 
10.18 6884 9805.848791 
295 
 
18 DC M6 Flange Cold 
 
10.02 6803 9698.636299 
296 
 
18 Beam M8 Weld Cold 
 
24.7 12149 16648.76133 
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18 Pulse M6 Flange Hot 
 
11.2 6884 9805.848791 
298 
 
18 DC M8 Flange Cold 
 
25.67 17008 22758.29704 
299 
 
18 Beam M6 Flange Hot 
 
10.32 6884 9805.848791 
300 
 
18 DC M6 Flange Hot 
 
10.08 6965 9913.000479 
301 
 
18 Beam M8 Weld Hot 
 
25.6 18466 24555.79346 
302 
 
18 Pulse M8 Flange Cold 
 
27.7 16198 21752.738 
303 
 
18 Beam M6 Weld Hot 
 
9.8 6317 9054.078606 
304 
 
18 DC M8 Flange Hot 
 
25.24 12068 16545.29827 
305 
 
18 Pulse M8 Weld Cold 
 
27.8 19681 26041.67767 
306 
 
18 Beam M8 Flange Cold 
 
24.55 11177 15403.57277 
307 
 
18 Pulse M8 Flange Hot 
 
27 18142 24157.72338 
308 
 
18 Beam M6 Flange Cold 
 
9.88 5669 8191.218265 
309 
 
18 Pulse M8 Weld Hot 
 
26.5 19114 25349.60875 
310 
 
18 Beam M8 Flange Hot 
 
25 12068 16545.29827 
311 
 
18 DC M8 Weld Cold 
 
25.25 15955 21450.08725 
312 
 
18 DC M6 Weld Hot 
 
10.08 5750 8299.293049 
313 
 
2 Beam M8 Weld Hot 
 
24.7 19276 25547.58152 
314 
 
2 DC M8 Flange Hot 
 
25.59 12068 16545.29827 
315 
 
2 Pulse M8 Weld Cold 
 
27.6 17818 23758.87226 
316 
 
2 Beam M8 Flange Hot 
 
25.9 11339 15611.65712 
317 
 
2 Beam M6 Flange Cold 
 
10.08 4895 7155.341488 
318 
 
2 Beam M8 Flange Cold 
 
24.35 12068 16545.29827 
319 
 
2 DC M8 Weld Cold 
 
25.59 16684 22356.67566 
320 
 
2 DC M6 Weld Hot 
 
10.05 6317 9054.078606 
321 
 
2 DC M6 Weld Cold 
 
10.06 6479 9269.176197 
322 
 
2 Pulse M6 Weld Hot 
 
11.1 6884 9805.848791 
323 
 
2 Beam M6 Weld Cold 
 
10.4 6884 9805.848791 
324 
 
2 DC M6 Flange Hot 
 
10.08 6884 9805.848791 
325 
 
2 Pulse M6 Flange Cold 
 
11.1 7451 10554.63946 
326 
 
2 Beam M6 Weld Hot 
 
12.36 8585 12043.42214 
327 
 
2 Pulse M6 Flange Hot 
 
11.4 5588 8083.081089 
328 
 
2 DC M8 Flange Cold 
 
25.13 12068 16545.29827 
329 
 
2 Pulse M6 Weld Cold 
 
11 7046 10020.09146 
330 
 
2 Beam M8 Weld Cold 
 
24.4 16198 21752.738 
331 
 
2 Pulse M8 Flange Hot 
 
26.3 19861 26260.89442 
332 
 
2 DC M8 Weld Hot 
 
25.57 22475 29418.43822 
333 
 
2 Pulse M8 Flange Cold 
 
25.7 15145 20437.9365 
334 
 
2 Beam M6 Flange Hot 
 
10.42 4293 6345.659742 
335 
 
2 DC M6 Flange Cold 
 
10.04 5588 8083.081089 
336 
 
2 Pulse M8 Weld Hot 
 
27.2 19276 25547.58152 
337 
 
16 Beam M6 Weld Cold 
 
10.18 6155 8838.734867 
338 
 
16 Pulse M6 Flange Hot 
 
10.8 7289 10341.00124 
339 
 
16 DC M6 Weld Cold 
 
10.09 6641 9484.028482 
340 
 
16 Pulse M6 Weld Cold 
 
11.5 6965 9913.000479 
341 
 
16 Beam M6 Flange Hot 
 
10.5 6398 9161.658117 
342 
 
16 Beam M6 Flange Cold 
 
10.44 5588 8083.081089 
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16 DC M8 Flange Cold 
 
25.09 12230 16752.16974 
344 
 
16 Pulse M8 Weld Cold 
 
28.6 18466 24555.79346 
345 
 
16 DC M8 Flange Hot 
 
25.15 17413 23259.203 
346 
 
16 DC M6 Flange Hot 
 
10.07 6884 9805.848791 
347 
 
16 Pulse M6 Flange Cold 
 
10.9 6722 9591.362897 
348 
 
16 Pulse M8 Flange Hot 
 
26.9 19843 26238.98327 
349 
 
16 Pulse M8 Weld Hot 
 
27.6 19843 26238.98327 
350 
 
16 Beam M8 Flange Hot 
 
25.7 11177 15403.57277 
351 
 
16 DC M8 Weld Cold 
 
25.34 14254 19318.60817 
352 
 
16 Beam M6 Weld Hot 
 
10.32 8018 11300.48575 
353 
 
16 DC M6 Flange Cold 
 
10.07 6155 8838.734867 
354 
 
16 DC M8 Weld Hot 
 
25.26 19883 26287.67153 
355 
 
16 Beam M8 Weld Cold 
 
23.9 17980 23958.39574 
356 
 
16 Pulse M6 Weld Hot 
 
11.3 6884 9805.848791 
357 
 
16 DC M6 Weld Hot 
 
10.04 6884 9805.848791 
358 
 
16 Pulse M8 Flange Cold 
 
26.8 17251 23058.98954 
359 
 
16 Beam M8 Weld Hot 
 
25.2 14902 20133.28872 
360 
 
16 Beam M8 Flange Cold 
 
23.8 11906 16338.20786 
361 
 
20 Pulse M6 Weld Hot 
 
11.7 8180 11513.04873 
362 
 
20 DC M6 Flange Cold 
 
10.09 6074 8730.970427 
363 
 
20 DC M8 Weld Cold 
 
25.73 18304 24356.85576 
364 
 
20 DC M8 Flange Hot 
 
25.1 12230 16752.16974 
365 
 
20 Beam M8 Flange Cold 
 
26.05 12878 17577.47997 
366 
 
20 Beam M8 Weld Cold 
 
23.8 12554 17165.25861 
367 
 
20 Beam M6 Weld Hot 
 
10.16 6884 9805.848791 
368 
 
20 Pulse M6 Flange Cold 
 
10.9 5669 8191.218265 
369 
 
20 Beam M8 Weld Hot 
 
24.2 19438 25745.36297 
370 
 
20 Pulse M8 Weld Cold 
 
26.5 19964 26386.22992 
371 
 
20 DC M6 Flange Hot 
 
10.08 6884 9805.848791 
372 
 
20 Beam M6 Flange Hot 
 
10.22 3726 5579.806719 
373 
 
20 Beam M6 Weld Cold 
 
10.08 6884 9805.848791 
374 
 
20 DC M8 Flange Cold 
 
25.16 13364 18194.1973 
375 
 
20 DC M6 Weld Hot 
 
10.08 6884 9805.848791 
376 
 
20 Pulse M8 Flange Hot 
 
28.6 19843 26238.98327 
377 
 
20 DC M6 Weld Cold 
 
10.08 6884 9805.848791 
378 
 
20 Pulse M6 Weld Cold 
 
11.2 6884 9805.848791 
379 
 
20 Beam M6 Flange Cold 
 
10.24 6884 9805.848791 
380 
 
20 DC M8 Weld Hot 
 
25.57 20450 26976.59054 
381 
 
20 Pulse M8 Flange Cold 
 
28.1 17494 23359.2355 
382 
 
20 Pulse M6 Flange Hot 
 
10.9 7289 10341.00124 
383 
 
20 Pulse M8 Weld Hot 
 
26.4 16198 21752.738 
384 
 
20 Beam M8 Flange Hot 
 
24.9 10367 14359.7943 
385 
 
1 Pulse M6 Flange Hot 
 
12 6884 9805.848791 
386 
 
1 DC M8 Flange Hot 
 
25.13 17170 22958.80842 
387 
 
1 DC M8 Flange Cold 
 
25.12 15064 20336.43894 
388 
 
1 Pulse M8 Weld Hot 
 
26.7 18547 24655.18948 
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1 DC M6 Weld Hot 
 
10.12 8018 11300.48575 
390 
 
1 Beam M8 Flange Hot 
 
25.05 11285 15542.32038 
391 
 
1 DC M6 Weld Cold 
 
10.12 6884 9805.848791 
392 
 
1 Pulse M8 Weld Cold 
 
28.4 20693 27271.13762 
393 
 
1 Beam M6 Weld Hot 
 
9.46 7775 10981.19565 
394 
 
1 Beam M6 Flange Cold 
 
10.06 5588 8083.081089 
395 
 
1 Beam M8 Weld Cold 
 
24.9 17251 23058.98954 
396 
 
1 Pulse M6 Weld Hot 
 
12.5 8180 11513.04873 
397 
 
1 DC M8 Weld Cold 
 
25.12 19762 26140.35418 
398 
 
1 DC M6 Flange Cold 
 
10.09 5588 8083.081089 
399 
 
1 DC M8 Weld Hot 
 
25.31 20450 26976.59054 
400 
 
1 Beam M8 Weld Hot 
 
26.2 12068 16545.29827 
401 
 
1 Pulse M8 Flange Cold 
 
26.8 19438 25745.36297 
402 
 
1 Beam M8 Flange Cold 
 
26.1 10286 14255.10659 
403 
 
1 Pulse M6 Flange Cold 
 
11.2 6884 9805.848791 
404 
 
1 DC M6 Flange Hot 
 
10.1 6155 8838.734867 
405 
 
1 Pulse M8 Flange Hot 
 
25.7 15064 20336.43894 
406 
 
1 Beam M6 Flange Hot 
 
10.22 6803 9698.636299 
407 
 
1 Pulse M6 Weld Cold 
 
12.5 6965 9913.000479 
408 
 
1 Beam M6 Weld Cold 
 
10.46 5669 8191.218265 
409 
 
12 Pulse M6 Weld Cold 
 
11.8 8180 11513.04873 
410 
 
12 Pulse M8 Flange Cold 
 
27.5 19114 25349.60875 
411 
 
12 Beam M8 Weld Hot 
 
25.05 15793 21248.06612 
412 
 
12 Beam M8 Weld Cold 
 
25.6 14659 19828.17445 
413 
 
12 Pulse M6 Flange Cold 
 
10.6 7451 10554.63946 
414 
 
12 DC M6 Flange Cold 
 
10.1 6884 9805.848791 
415 
 
12 Beam M8 Flange Hot 
 
25.75 10934 15091.02824 
416 
 
12 DC M6 Weld Cold 
 
10.07 5831 8407.30555 
417 
 
12 DC M8 Weld Cold 
 
25.06 19114 25349.60875 
418 
 
12 Beam M6 Flange Hot 
 
9.98 4697 6889.423164 
419 
 
12 Pulse M6 Weld Hot 
 
11.3 7937 11194.11524 
420 
 
12 DC M6 Weld Hot 
 
10.08 6884 9805.848791 
421 
 
12 Pulse M8 Weld Cold 
 
26.9 21746 28542.68074 
422 
 
12 Beam M8 Flange Cold 
 
24.4 10934 15091.02824 
423 
 
12 DC M8 Flange Cold 
 
25.25 12311 16855.52359 
424 
 
12 DC M8 Weld Hot 
 
25.58 19843 26238.98327 
425 
 
12 Beam M6 Weld Cold 
 
9.94 4778 6998.253853 
426 
 
12 Pulse M6 Flange Hot 
 
12.8 6965 9913.000479 
427 
 
12 DC M8 Flange Hot 
 
25.4 12068 16545.29827 
428 
 
12 Beam M6 Weld Hot 
 
9.72 7451 10554.63946 
429 
 
12 DC M6 Flange Hot 
 
10.14 6884 9805.848791 
430 
 
12 Pulse M8 Weld Hot 
 
26.6 17251 23058.98954 
431 
 
12 Beam M6 Flange Cold 
 
10.2 5507 7974.881414 
432 
 
12 Pulse M8 Flange Hot 
 
27.7 19276 25547.58152 
433 
 
7 Beam M8 Weld Cold 
 
25.85 15226 20539.38246 
434 
 
7 DC M8 Flange Hot 
 
25.55 16765 22457.15602 
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7 DC M8 Weld Cold 
 
25.24 20693 27271.13762 
436 
 
7 Beam M6 Flange Hot 
 
9.74 4535 6671.570542 
437 
 
7 Pulse M8 Flange Cold 
 
27.1 16198 21752.738 
438 
 
7 DC M6 Flange Cold 
 
10.06 5588 8083.081089 
439 
 
7 DC M6 Weld Cold 
 
10.09 6803 9698.636299 
440 
 
7 DC M6 Flange Hot 
 
10.05 5588 8083.081089 
441 
 
7 Beam M6 Weld Cold 
 
10.08 6074 8730.970427 
442 
 
7 Pulse M6 Flange Hot 
 
10.8 6884 9805.848791 
443 
 
7 DC M8 Weld Hot 
 
25.7 21179 27858.97432 
444 
 
7 Beam M8 Flange Cold 
 
27 13444 18295.5299 
445 
 
7 DC M6 Weld Hot 
 
10.06 7127 10127.12185 
446 
 
7 Pulse M6 Weld Hot 
 
12.8 7046 10020.09146 
447 
 
7 Beam M8 Weld Hot 
 
24.7 17251 23058.98954 
448 
 
7 Beam M6 Flange Cold 
 
10.18 4697 6889.423164 
449 
 
7 DC M8 Flange Cold 
 
25.15 14497 19624.50472 
450 
 
7 Beam M8 Flange Hot 
 
24.5 10043 13940.70287 
451 
 
7 Pulse M8 Flange Hot 
 
27.3 18142 24157.72338 
452 
 
7 Pulse M6 Weld Cold 
 
11.5 7613 10768.03733 
453 
 
7 Beam M6 Weld Hot 
 
10.32 7775 10981.19565 
454 
 
7 Pulse M8 Weld Cold 
 
27.5 20612 27173.00199 
455 
 
7 Pulse M6 Flange Cold 
 
11.3 8018 11300.48575 
456 
 
7 Pulse M8 Weld Hot 
 
27.8 19843 26238.98327 
457 
 
4 DC M8 Weld Cold 
 
25.15 19883 26287.67153 
458 
 
4 Beam M8 Weld Hot 
 
24.6 14578 19726.36566 
459 
 
4 Pulse M8 Weld Cold 
 
26.8 19762 26140.35418 
460 
 
4 Pulse M8 Weld Hot 
 
26.9 22718 29709.54126 
461 
 
4 Pulse M6 Weld Hot 
 
10.7 7937 11194.11524 
462 
 
4 Pulse M8 Flange Cold 
 
28.5 20045 26484.74108 
463 
 
4 DC M8 Flange Cold 
 
25.25 14497 19624.50472 
464 
 
4 DC M6 Flange Hot 
 
10.08 5588 8083.081089 
465 
 
4 DC M8 Flange Hot 
 
25.79 12068 16545.29827 
466 
 
4 Beam M8 Flange Cold 
 
24.75 9638 13415.55579 
467 
 
4 Beam M6 Flange Hot 
 
9.58 7775 10981.19565 
468 
 
4 Pulse M6 Flange Cold 
 
11.7 6317 9054.078606 
469 
 
4 Pulse M6 Flange Hot 
 
10.3 6884 9805.848791 
470 
 
4 Beam M6 Weld Hot 
 
10.14 7046 10020.09146 
471 
 
4 Beam M6 Weld Cold 
 
10.56 6074 8730.970427 
472 
 
4 DC M6 Flange Cold 
 
10.2 6479 9269.176197 
473 
 
4 Beam M8 Weld Cold 
 
24.95 18304 24356.85576 
474 
 
4 Beam M8 Flange Hot 
 
25.55 11582 15923.3674 
475 
 
4 DC M6 Weld Hot 
 
10.1 7613 10768.03733 
476 
 
4 Beam M6 Flange Cold 
 
10.38 4535 6671.570542 
477 
 
4 DC M8 Weld Hot 
 
25.26 19762 26140.35418 
478 
 
4 DC M6 Weld Cold 
 
10.07 6722 9591.362897 
479 
 
4 Pulse M8 Flange Hot 
 
28.4 17251 23058.98954 
480 
 
4 Pulse M6 Weld Cold 
 
11.3 6884 9805.848791 
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Appendix E: Data Analysis Table with Torque Coefficients Calculated Using 
Original Force Readouts 
 
For explanations of the column headers Tool, Diameter, Nut, and Plate, refer to 
table 3.1. The following list summarizes and explains the column headers used in the data 
tables and throughout the data analysis: 
- K1 Original: the torque coefficient calculated using Force Readout 1, 
explained in section 4.2. 
- K2 Original: the torque coefficient calculated using Force Readout 2, 
explained in section 4.2. 
- Inv K1 Original: the inverse of K1 original, or 1 / K1 Original, explained 
in section 4.3. 
- K1 – K2 Original: the subtraction of K2 Original from K1 Original, 
explained in section 4.4. 
- K1 / K2 Original: the ratio between K1 Original and K2 Original. 
Table E.1.  
Data Analysis Table with Torque Coefficients Calculated Using Original Force 
Readouts. 















K1 - K2 
Original 
K1 / K2 
Original 
1 10 DC M6 Flange Hot 0.319 3.131 0.343 -0.024 0.931 
2 10 Pulse M8 Weld Cold 0.196 5.105 0.181 0.015 1.081 
3 10 Beam M6 Flange Hot 0.506 1.976 0.381 0.125 1.328 
4 10 Beam M6 Weld Hot 0.270 3.710 0.246 0.024 1.096 
5 10 Pulse M6 Flange Cold 0.303 3.296 0.314 -0.010 0.967 
6 10 Beam M8 Flange Hot 0.264 3.782 0.219 0.045 1.205 
7 10 DC M8 Weld Hot 0.197 5.074 0.159 0.038 1.238 
8 10 Beam M6 Flange Cold 0.372 2.686 0.385 -0.012 0.968 
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K1 - K2 
Original 
K1 / K2 
Original 
9 10 Pulse M8 Weld Hot 0.186 5.368 0.169 0.017 1.099 
10 10 Pulse M8 Flange Hot 0.229 4.370 0.227 0.002 1.007 
11 10 Beam M8 Weld Hot 0.303 3.298 0.211 0.092 1.434 
12 10 DC M8 Flange Hot 0.205 4.889 0.199 0.005 1.028 
13 10 Pulse M6 Weld Hot 0.284 3.524 0.277 0.007 1.024 
14 10 DC M8 Flange Cold 0.245 4.090 0.214 0.030 1.141 
15 10 Pulse M6 Flange Hot 0.331 3.025 0.291 0.040 1.137 
16 10 Beam M8 Weld Cold 0.233 4.283 0.164 0.069 1.419 
17 10 Beam M8 Flange Cold 0.298 3.359 0.325 -0.027 0.917 
18 10 DC M6 Weld Cold 0.300 3.337 0.298 0.002 1.007 
19 10 DC M6 Weld Hot 0.243 4.118 0.242 0.001 1.003 
20 10 DC M8 Weld Cold 0.223 4.480 0.222 0.001 1.005 
21 10 Beam M6 Weld Cold 0.296 3.379 0.278 0.018 1.066 
22 10 Pulse M8 Flange Cold 0.217 4.616 0.195 0.022 1.111 
23 10 Pulse M6 Weld Cold 0.241 4.155 0.238 0.002 1.010 
24 10 DC M6 Flange Cold 0.389 2.572 0.389 0.000 0.999 
25 3 DC M6 Weld Cold 0.348 2.871 0.388 -0.039 0.898 
26 3 DC M6 Flange Cold 0.381 2.625 0.373 0.008 1.020 
27 3 Beam M8 Flange Cold 0.254 3.938 0.258 -0.004 0.984 
28 3 Beam M8 Weld Hot 0.230 4.357 0.196 0.033 1.170 
29 3 DC M8 Weld Cold 0.183 5.451 0.180 0.003 1.019 
30 3 Beam M6 Flange Hot 0.529 1.890 0.324 0.205 1.633 
31 3 Pulse M8 Flange Hot 0.198 5.049 0.207 -0.009 0.958 
32 3 DC M8 Weld Hot 0.215 4.661 0.207 0.008 1.038 
33 3 Beam M6 Weld Hot 0.206 4.865 0.228 -0.023 0.900 
34 3 Beam M6 Flange Cold 0.404 2.476 0.384 0.020 1.052 
35 3 Beam M8 Weld Cold 0.199 5.018 0.174 0.026 1.148 
36 3 DC M8 Flange Cold 0.197 5.077 0.251 -0.054 0.785 
37 3 Pulse M8 Flange Cold 0.253 3.948 0.224 0.030 1.132 
38 3 Pulse M6 Weld Hot 0.246 4.057 0.245 0.001 1.005 
39 3 Pulse M6 Weld Cold 0.349 2.866 0.296 0.053 1.180 
40 3 Pulse M8 Weld Cold 0.195 5.124 0.189 0.007 1.035 
41 3 Beam M6 Weld Cold 0.247 4.050 0.225 0.022 1.097 
42 3 DC M6 Flange Hot 0.243 4.118 0.289 -0.046 0.840 
43 3 DC M6 Weld Hot 0.245 4.082 0.229 0.016 1.070 
44 3 Pulse M6 Flange Cold 0.293 3.415 0.254 0.039 1.154 
45 3 Pulse M6 Flange Hot 0.299 3.349 0.251 0.047 1.189 
46 3 Beam M8 Flange Hot 0.273 3.661 0.280 -0.007 0.974 
47 3 Pulse M8 Weld Hot 0.184 5.424 0.182 0.002 1.012 
48 3 DC M8 Flange Hot 0.211 4.748 0.204 0.007 1.032 
49 9 Pulse M8 Weld Hot 0.175 5.712 0.174 0.001 1.005 
50 9 Beam M8 Weld Hot 0.268 3.733 0.166 0.102 1.613 
51 9 DC M8 Flange Hot 0.298 3.353 0.317 -0.018 0.942 
52 9 Beam M6 Weld Cold 0.294 3.405 0.272 0.022 1.081 
53 9 DC M8 Flange Cold 0.267 3.742 0.236 0.031 1.130 
54 9 DC M8 Weld Cold 0.213 4.695 0.148 0.065 1.436 
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K1 - K2 
Original 
K1 / K2 
Original 
55 9 DC M6 Weld Hot 0.243 4.114 0.243 0.000 1.001 
56 9 Beam M6 Flange Hot 0.453 2.207 0.407 0.046 1.114 
57 9 Pulse M6 Weld Hot 0.293 3.411 0.280 0.013 1.047 
58 9 Beam M8 Flange Hot 0.293 3.408 0.290 0.003 1.012 
59 9 DC M6 Weld Cold 0.271 3.695 0.298 -0.027 0.908 
60 9 DC M6 Flange Cold 0.299 3.347 0.301 -0.002 0.993 
61 9 DC M6 Flange Hot 0.243 4.118 0.249 -0.006 0.977 
62 9 Pulse M6 Weld Cold 0.272 3.677 0.263 0.009 1.033 
63 9 DC M8 Weld Hot 0.152 6.567 0.128 0.024 1.187 
64 9 Pulse M6 Flange Cold 0.332 3.016 0.318 0.013 1.042 
65 9 Beam M8 Flange Cold 0.303 3.300 0.291 0.012 1.042 
66 9 Beam M6 Weld Hot 0.280 3.577 0.250 0.029 1.117 
67 9 Pulse M8 Weld Cold 0.195 5.124 0.192 0.003 1.015 
68 9 Beam M6 Flange Cold 0.319 3.133 0.322 -0.003 0.991 
69 9 Beam M8 Weld Cold 0.232 4.315 0.179 0.053 1.298 
70 9 Pulse M6 Flange Hot 0.288 3.474 0.246 0.042 1.170 
71 9 Pulse M8 Flange Hot 0.200 4.994 0.176 0.025 1.140 
72 9 Pulse M8 Flange Cold 0.253 3.949 0.233 0.020 1.086 
73 19 DC M6 Weld Cold 0.348 2.871 0.292 0.056 1.192 
74 19 Pulse M6 Weld Hot 0.248 4.034 0.251 -0.003 0.986 
75 19 Beam M6 Flange Cold 0.288 3.475 0.392 -0.105 0.734 
76 19 DC M8 Flange Hot 0.243 4.107 0.223 0.020 1.091 
77 19 DC M6 Weld Hot 0.246 4.067 0.226 0.020 1.089 
78 19 DC M6 Flange Hot 0.292 3.430 0.260 0.031 1.120 
79 19 DC M8 Weld Hot 0.190 5.273 0.139 0.051 1.365 
80 19 Beam M8 Weld Cold 0.259 3.867 0.220 0.038 1.174 
81 19 Beam M6 Weld Hot 0.235 4.248 0.243 -0.008 0.967 
82 19 Pulse M6 Flange Hot 0.311 3.217 0.282 0.029 1.104 
83 19 Pulse M8 Flange Hot 0.223 4.491 0.191 0.032 1.165 
84 19 Beam M8 Weld Hot 0.283 3.531 0.220 0.063 1.287 
85 19 Pulse M6 Weld Cold 0.286 3.493 0.274 0.012 1.043 
86 19 Pulse M8 Weld Hot 0.169 5.903 0.168 0.001 1.005 
87 19 DC M8 Weld Cold 0.176 5.694 0.148 0.028 1.190 
88 19 Beam M6 Weld Cold 0.242 4.136 0.240 0.002 1.008 
89 19 DC M8 Flange Cold 0.264 3.792 0.234 0.030 1.129 
90 19 Pulse M6 Flange Cold 0.308 3.246 0.280 0.028 1.100 
91 19 DC M6 Flange Cold 0.298 3.357 0.299 -0.001 0.997 
92 19 Beam M8 Flange Cold 0.277 3.614 0.276 0.001 1.004 
93 19 Beam M6 Flange Hot 0.315 3.174 0.359 -0.044 0.877 
94 19 Pulse M8 Weld Cold 0.182 5.487 0.182 0.001 1.003 
95 19 Pulse M8 Flange Cold 0.235 4.261 0.212 0.023 1.107 
96 19 Beam M8 Flange Hot 0.273 3.669 0.267 0.005 1.019 
97 6 DC M8 Weld Cold 0.170 5.894 0.170 0.000 1.001 
98 6 Pulse M6 Weld Cold 0.304 3.290 0.286 0.018 1.061 
99 6 Beam M6 Weld Cold 0.281 3.553 0.248 0.034 1.135 
100 6 Beam M6 Weld Hot 0.222 4.515 0.214 0.007 1.033 
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Original 
K1 / K2 
Original 
101 6 Pulse M6 Flange Cold 0.268 3.733 0.283 -0.015 0.946 
102 6 Pulse M8 Flange Hot 0.202 4.958 0.176 0.026 1.149 
103 6 Beam M6 Flange Hot 0.233 4.284 0.252 -0.018 0.928 
104 6 DC M8 Flange Cold 0.167 5.972 0.142 0.025 1.176 
105 6 Pulse M8 Flange Cold 0.205 4.878 0.220 -0.015 0.933 
106 6 Pulse M8 Weld Hot 0.182 5.508 0.168 0.013 1.080 
107 6 DC M6 Flange Cold 0.378 2.642 0.428 -0.049 0.885 
108 6 DC M8 Flange Hot 0.261 3.830 0.235 0.026 1.109 
109 6 DC M6 Flange Hot 0.253 3.954 0.242 0.011 1.044 
110 6 Beam M8 Weld Hot 0.209 4.783 0.159 0.050 1.317 
111 6 DC M6 Weld Hot 0.271 3.695 0.243 0.028 1.115 
112 6 Beam M8 Weld Cold 0.200 4.997 0.169 0.031 1.186 
113 6 Beam M8 Flange Hot 0.269 3.718 0.278 -0.009 0.967 
114 6 DC M8 Weld Hot 0.172 5.820 0.152 0.020 1.132 
115 6 Pulse M6 Weld Hot 0.251 3.990 0.269 -0.018 0.932 
116 6 Pulse M8 Weld Cold 0.159 6.275 0.177 -0.017 0.902 
117 6 Pulse M6 Flange Hot 0.262 3.812 0.237 0.025 1.105 
118 6 Beam M8 Flange Cold 0.304 3.284 0.309 -0.005 0.984 
119 6 DC M6 Weld Cold 0.299 3.341 0.298 0.001 1.003 
120 6 Beam M6 Flange Cold 0.273 3.659 0.263 0.010 1.037 
121 13 Pulse M8 Weld Hot 0.163 6.141 0.157 0.006 1.035 
122 13 DC M8 Weld Hot 0.184 5.433 0.161 0.023 1.144 
123 13 Beam M8 Flange Cold 0.287 3.485 0.263 0.024 1.091 
124 13 DC M8 Flange Hot 0.233 4.291 0.223 0.010 1.047 
125 13 Pulse M8 Flange Cold 0.229 4.365 0.231 -0.002 0.991 
126 13 Beam M8 Weld Cold 0.299 3.348 0.237 0.061 1.259 
127 13 DC M6 Flange Cold 0.258 3.881 0.264 -0.006 0.976 
128 13 Beam M6 Flange Hot 0.254 3.940 0.279 -0.025 0.911 
129 13 Beam M8 Flange Hot 0.287 3.482 0.285 0.002 1.009 
130 13 DC M8 Weld Cold 0.170 5.873 0.155 0.015 1.096 
131 13 Pulse M6 Flange Cold 0.266 3.762 0.231 0.035 1.150 
132 13 Pulse M6 Flange Hot 0.300 3.335 0.267 0.033 1.123 
133 13 Pulse M8 Flange Hot 0.223 4.476 0.204 0.019 1.095 
134 13 DC M6 Weld Hot 0.242 4.130 0.242 0.000 0.999 
135 13 Pulse M8 Weld Cold 0.175 5.715 0.170 0.005 1.027 
136 13 DC M6 Flange Hot 0.366 2.729 0.289 0.078 1.269 
137 13 Pulse M6 Weld Cold 0.305 3.276 0.334 -0.029 0.914 
138 13 DC M8 Flange Cold 0.235 4.257 0.223 0.011 1.051 
139 13 Beam M6 Flange Cold 0.253 3.952 0.287 -0.034 0.883 
140 13 Beam M8 Weld Hot 0.222 4.503 0.171 0.051 1.300 
141 13 DC M6 Weld Cold 0.243 4.118 0.251 -0.008 0.967 
142 13 Beam M6 Weld Hot 0.214 4.680 0.194 0.019 1.100 
143 13 Beam M6 Weld Cold 0.249 4.011 0.258 -0.008 0.968 
144 13 Pulse M6 Weld Hot 0.263 3.806 0.241 0.022 1.090 
145 5 Pulse M6 Flange Cold 0.262 3.812 0.279 -0.017 0.940 
146 5 Pulse M6 Weld Cold 0.258 3.876 0.254 0.004 1.015 
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Original 
K1 / K2 
Original 
147 5 Beam M8 Weld Cold 0.236 4.230 0.184 0.052 1.282 
148 5 DC M8 Weld Hot 0.170 5.889 0.152 0.018 1.117 
149 5 DC M6 Flange Cold 0.289 3.457 0.294 -0.005 0.983 
150 5 Pulse M8 Weld Cold 0.164 6.111 0.167 -0.003 0.982 
151 5 Pulse M8 Weld Hot 0.166 6.023 0.172 -0.006 0.967 
152 5 Beam M8 Weld Hot 0.273 3.664 0.202 0.071 1.351 
153 5 Beam M6 Flange Hot 0.347 2.879 0.337 0.010 1.030 
154 5 DC M6 Weld Cold 0.272 3.681 0.249 0.023 1.092 
155 5 Pulse M6 Flange Hot 0.262 3.812 0.230 0.033 1.143 
156 5 Pulse M8 Flange Cold 0.218 4.587 0.216 0.002 1.011 
157 5 Beam M8 Flange Cold 0.308 3.252 0.301 0.007 1.022 
158 5 Beam M8 Flange Hot 0.260 3.844 0.256 0.004 1.016 
159 5 DC M6 Weld Hot 0.273 3.658 0.242 0.031 1.130 
160 5 DC M8 Weld Cold 0.214 4.663 0.162 0.053 1.327 
161 5 Beam M6 Flange Cold 0.342 2.927 0.381 -0.039 0.897 
162 5 Beam M6 Weld Cold 0.303 3.298 0.254 0.050 1.196 
163 5 Beam M6 Weld Hot 0.226 4.433 0.222 0.004 1.018 
164 5 DC M8 Flange Hot 0.271 3.690 0.235 0.036 1.151 
165 5 DC M6 Flange Hot 0.240 4.170 0.242 -0.002 0.990 
166 5 DC M8 Flange Cold 0.199 5.014 0.179 0.020 1.113 
167 5 Pulse M8 Flange Hot 0.160 6.264 0.156 0.004 1.023 
168 5 Pulse M6 Weld Hot 0.247 4.042 0.221 0.026 1.120 
169 11 Beam M6 Weld Cold 0.233 4.295 0.209 0.024 1.113 
170 11 DC M8 Weld Cold 0.216 4.635 0.169 0.046 1.273 
171 11 DC M6 Flange Hot 0.242 4.126 0.246 -0.003 0.986 
172 11 DC M6 Weld Cold 0.304 3.293 0.260 0.044 1.170 
173 11 DC M8 Weld Hot 0.161 6.207 0.152 0.010 1.063 
174 11 Pulse M8 Weld Cold 0.213 4.687 0.172 0.041 1.241 
175 11 Beam M6 Flange Cold 0.264 3.791 0.271 -0.007 0.973 
176 11 Beam M6 Weld Hot 0.232 4.317 0.229 0.003 1.011 
177 11 Beam M8 Weld Cold 0.219 4.561 0.197 0.022 1.114 
178 11 DC M6 Weld Hot 0.223 4.482 0.211 0.012 1.055 
179 11 Pulse M8 Flange Hot 0.204 4.906 0.187 0.017 1.090 
180 11 DC M6 Flange Cold 0.308 3.248 0.274 0.034 1.123 
181 11 DC M8 Flange Cold 0.215 4.654 0.211 0.004 1.017 
182 11 Beam M6 Flange Hot 0.268 3.725 0.253 0.015 1.060 
183 11 Beam M8 Flange Hot 0.274 3.655 0.260 0.014 1.054 
184 11 DC M8 Flange Hot 0.218 4.593 0.217 0.001 1.004 
185 11 Pulse M6 Flange Hot 0.318 3.146 0.299 0.019 1.064 
186 11 Pulse M6 Weld Hot 0.244 4.098 0.239 0.005 1.022 
187 11 Pulse M6 Flange Cold 0.275 3.634 0.270 0.005 1.017 
188 11 Pulse M6 Weld Cold 0.282 3.551 0.276 0.005 1.019 
189 11 Pulse M8 Weld Hot 0.173 5.782 0.160 0.013 1.083 
190 11 Beam M8 Flange Cold 0.263 3.806 0.295 -0.032 0.891 
191 11 Beam M8 Weld Hot 0.244 4.094 0.180 0.065 1.361 
192 11 Pulse M8 Flange Cold 0.197 5.067 0.192 0.005 1.026 
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Original 
K1 / K2 
Original 
193 14 DC M6 Flange Cold 0.275 3.636 0.298 -0.023 0.924 
194 14 Beam M6 Flange Cold 0.347 2.882 0.374 -0.027 0.927 
195 14 DC M8 Flange Cold 0.197 5.066 0.212 -0.015 0.930 
196 14 Beam M6 Weld Cold 0.296 3.373 0.275 0.021 1.076 
197 14 DC M6 Weld Cold 0.243 4.114 0.300 -0.057 0.809 
198 14 Pulse M8 Weld Hot 0.189 5.288 0.156 0.033 1.214 
199 14 Pulse M6 Flange Cold 0.283 3.538 0.305 -0.022 0.927 
200 14 Pulse M8 Flange Cold 0.226 4.415 0.236 -0.010 0.959 
201 14 Pulse M8 Flange Hot 0.227 4.406 0.202 0.025 1.123 
202 14 Pulse M6 Flange Hot 0.233 4.288 0.264 -0.031 0.884 
203 14 Beam M8 Flange Hot 0.218 4.584 0.247 -0.029 0.882 
204 14 DC M8 Weld Cold 0.253 3.959 0.215 0.038 1.176 
205 14 Beam M8 Flange Cold 0.299 3.342 0.330 -0.030 0.908 
206 14 DC M8 Flange Hot 0.211 4.732 0.217 -0.005 0.975 
207 14 Pulse M8 Weld Cold 0.173 5.770 0.171 0.002 1.011 
208 14 Pulse M6 Weld Cold 0.271 3.685 0.230 0.041 1.179 
209 14 Beam M6 Weld Hot 0.245 4.090 0.252 -0.007 0.971 
210 14 Beam M6 Flange Hot 0.290 3.449 0.282 0.008 1.028 
211 14 DC M6 Weld Hot 0.244 4.098 0.242 0.002 1.007 
212 14 DC M8 Weld Hot 0.193 5.173 0.158 0.035 1.221 
213 14 DC M6 Flange Hot 0.274 3.646 0.246 0.029 1.116 
214 14 Pulse M6 Weld Hot 0.260 3.852 0.240 0.019 1.080 
215 14 Beam M8 Weld Cold 0.274 3.646 0.234 0.040 1.170 
216 14 Beam M8 Weld Hot 0.243 4.117 0.172 0.070 1.408 
217 15 DC M6 Flange Hot 0.249 4.009 0.266 -0.017 0.936 
218 15 Beam M8 Weld Cold 0.273 3.670 0.235 0.037 1.158 
219 15 Pulse M6 Flange Cold 0.253 3.945 0.249 0.004 1.016 
220 15 DC M8 Flange Cold 0.227 4.404 0.182 0.045 1.250 
221 15 Beam M8 Flange Cold 0.317 3.156 0.331 -0.014 0.958 
222 15 DC M8 Flange Hot 0.218 4.595 0.248 -0.031 0.877 
223 15 Beam M6 Weld Hot 0.236 4.243 0.234 0.002 1.008 
224 15 Beam M6 Flange Cold 0.385 2.597 0.352 0.033 1.095 
225 15 Pulse M6 Weld Hot 0.240 4.172 0.248 -0.008 0.968 
226 15 DC M8 Weld Cold 0.183 5.453 0.186 -0.002 0.987 
227 15 DC M6 Flange Cold 0.267 3.742 0.290 -0.023 0.920 
228 15 Beam M8 Weld Hot 0.305 3.279 0.236 0.069 1.294 
229 15 Pulse M6 Flange Hot 0.212 4.716 0.252 -0.040 0.842 
230 15 Beam M6 Flange Hot 0.317 3.153 0.368 -0.051 0.861 
231 15 Pulse M8 Flange Hot 0.253 3.960 0.240 0.012 1.051 
232 15 Pulse M6 Weld Cold 0.281 3.554 0.299 -0.018 0.941 
233 15 Pulse M8 Weld Cold 0.193 5.193 0.170 0.023 1.133 
234 15 DC M6 Weld Hot 0.220 4.550 0.205 0.015 1.073 
235 15 Beam M8 Flange Hot 0.281 3.554 0.283 -0.002 0.993 
236 15 Beam M6 Weld Cold 0.434 2.303 0.231 0.203 1.877 
237 15 Pulse M8 Flange Cold 0.224 4.459 0.209 0.015 1.073 
238 15 DC M8 Weld Hot 0.237 4.223 0.234 0.003 1.012 
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239 15 DC M6 Weld Cold 0.300 3.333 0.297 0.003 1.009 
240 15 Pulse M8 Weld Hot 0.232 4.311 0.203 0.029 1.141 
241 8 DC M6 Flange Hot 0.273 3.656 0.302 -0.029 0.904 
242 8 DC M6 Flange Cold 0.286 3.492 0.295 -0.008 0.971 
243 8 Pulse M6 Flange Cold 0.316 3.163 0.276 0.040 1.145 
244 8 DC M6 Weld Hot 0.244 4.106 0.226 0.018 1.079 
245 8 DC M6 Weld Cold 0.249 4.021 0.249 0.000 0.998 
246 8 DC M8 Flange Hot 0.242 4.141 0.236 0.005 1.022 
247 8 DC M8 Flange Cold 0.218 4.580 0.230 -0.012 0.950 
248 8 Beam M8 Flange Hot 
     
249 8 Pulse M6 Weld Hot 0.284 3.517 0.278 0.006 1.021 
250 8 Pulse M8 Flange Hot 0.246 4.061 0.213 0.034 1.159 
251 8 Pulse M8 Weld Cold 0.219 4.575 0.178 0.041 1.230 
252 8 Pulse M6 Flange Hot 0.247 4.049 0.247 0.000 1.000 
253 8 Pulse M8 Weld Hot 0.165 6.065 0.171 -0.006 0.962 
254 8 Beam M6 Weld Cold 0.243 4.122 0.205 0.037 1.181 
255 8 Beam M6 Weld Hot 0.245 4.090 0.214 0.030 1.141 
256 8 DC M8 Weld Cold 0.198 5.041 0.151 0.047 1.313 
257 8 Beam M8 Flange Cold 
     
258 8 Beam M8 Weld Cold 0.255 3.929 0.203 0.052 1.257 
259 8 Beam M6 Flange Hot 0.310 3.222 0.364 -0.053 0.853 
260 8 Beam M8 Weld Hot 0.231 4.320 0.184 0.047 1.255 
261 8 Beam M6 Flange Cold 0.401 2.496 0.412 -0.011 0.974 
262 8 Pulse M6 Weld Cold 0.263 3.801 0.261 0.003 1.010 
263 8 DC M8 Weld Hot 0.157 6.368 0.142 0.015 1.109 
264 8 Pulse M8 Flange Cold 0.201 4.970 0.201 0.000 1.002 
265 17 Beam M8 Flange Hot 0.235 4.250 0.263 -0.028 0.894 
266 17 Pulse M6 Flange Cold 0.362 2.764 0.286 0.076 1.266 
267 17 DC M8 Flange Hot 
     
268 17 Beam M8 Weld Hot 0.200 4.996 0.157 0.044 1.278 
269 17 Beam M8 Flange Cold 0.296 3.376 0.309 -0.012 0.960 
270 17 DC M6 Flange Cold 0.244 4.106 0.277 -0.033 0.881 
271 17 DC M8 Flange Cold 0.184 5.432 0.159 0.025 1.160 
272 17 Beam M6 Flange Cold 0.259 3.864 0.271 -0.012 0.954 
273 17 Pulse M8 Flange Hot 0.226 4.429 0.202 0.024 1.116 
274 17 Beam M6 Weld Cold 0.243 4.120 0.210 0.033 1.156 
275 17 DC M6 Weld Cold 0.276 3.619 0.287 -0.010 0.964 
276 17 Beam M6 Flange Hot 0.263 3.805 0.284 -0.021 0.926 
277 17 Pulse M8 Flange Cold 0.206 4.859 0.211 -0.005 0.976 
278 17 Beam M8 Weld Cold 0.225 4.443 0.175 0.050 1.288 
279 17 Pulse M8 Weld Cold 0.186 5.388 0.179 0.007 1.038 
280 17 Pulse M8 Weld Hot 0.178 5.620 0.176 0.002 1.012 
281 17 Pulse M6 Weld Hot 0.252 3.972 0.291 -0.039 0.867 
282 17 Pulse M6 Flange Hot 0.316 3.165 0.264 0.052 1.197 
283 17 Pulse M6 Weld Cold 0.299 3.343 0.249 0.051 1.203 
284 17 DC M6 Flange Hot 0.247 4.045 0.273 -0.026 0.906 
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K1 / K2 
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285 17 DC M8 Weld Cold 0.199 5.031 0.169 0.030 1.176 
286 17 DC M6 Weld Hot 0.252 3.965 0.245 0.007 1.029 
287 17 DC M8 Weld Hot 0.255 3.916 0.163 0.092 1.567 
288 17 Beam M6 Weld Hot 0.237 4.219 0.207 0.030 1.143 
289 18 Pulse M6 Weld Hot 0.266 3.755 0.268 -0.002 0.994 
290 18 Pulse M6 Flange Cold 0.278 3.592 0.258 0.021 1.080 
291 18 Pulse M6 Weld Cold 0.300 3.331 0.256 0.044 1.172 
292 18 DC M6 Weld Cold 0.244 4.106 0.244 0.000 0.999 
293 18 DC M8 Weld Hot 0.170 5.879 0.171 -0.001 0.996 
294 18 Beam M6 Weld Cold 0.255 3.923 0.246 0.008 1.034 
295 18 DC M6 Flange Cold 0.263 3.808 0.245 0.017 1.070 
296 18 Beam M8 Weld Cold 0.288 3.468 0.254 0.034 1.135 
297 18 Pulse M6 Flange Hot 0.347 2.881 0.271 0.076 1.280 
298 18 DC M8 Flange Cold 0.215 4.648 0.189 0.026 1.140 
299 18 Beam M6 Flange Hot 0.256 3.901 0.250 0.006 1.026 
300 18 DC M6 Flange Hot 0.262 3.816 0.241 0.021 1.086 
301 18 Beam M8 Weld Hot 0.236 4.243 0.173 0.062 1.360 
302 18 Pulse M8 Flange Cold 0.229 4.358 0.214 0.016 1.073 
303 18 Beam M6 Weld Hot 0.258 3.883 0.259 -0.001 0.996 
304 18 DC M8 Flange Hot 0.265 3.771 0.261 0.004 1.014 
305 18 Pulse M8 Weld Cold 0.171 5.858 0.177 -0.006 0.967 
306 18 Beam M8 Flange Cold 0.252 3.968 0.275 -0.023 0.918 
307 18 Pulse M8 Flange Hot 0.201 4.964 0.186 0.015 1.083 
308 18 Beam M6 Flange Cold 0.284 3.522 0.290 -0.007 0.978 
309 18 Pulse M8 Weld Hot 0.183 5.458 0.173 0.010 1.057 
310 18 Beam M8 Flange Hot 0.253 3.958 0.259 -0.006 0.976 
311 18 DC M8 Weld Cold 0.215 4.652 0.198 0.017 1.087 
312 18 DC M6 Weld Hot 0.301 3.323 0.292 0.009 1.030 
313 2 Beam M8 Weld Hot 0.218 4.581 0.160 0.058 1.363 
314 2 DC M8 Flange Hot 0.268 3.736 0.265 0.003 1.010 
315 2 Pulse M8 Weld Cold 0.203 4.932 0.194 0.009 1.047 
316 2 Beam M8 Flange Hot 0.310 3.228 0.286 0.024 1.085 
317 2 Beam M6 Flange Cold 0.367 2.722 0.343 0.024 1.070 
318 2 Beam M8 Flange Cold 0.225 4.446 0.252 -0.027 0.892 
319 2 DC M8 Weld Cold 0.217 4.606 0.192 0.025 1.132 
320 2 DC M6 Weld Hot 0.266 3.764 0.265 0.001 1.002 
321 2 DC M6 Weld Cold 0.262 3.812 0.259 0.004 1.014 
322 2 Pulse M6 Weld Hot 0.255 3.925 0.269 -0.014 0.948 
323 2 Beam M6 Weld Cold 0.286 3.499 0.252 0.034 1.135 
324 2 DC M6 Flange Hot 0.239 4.186 0.244 -0.005 0.979 
325 2 Pulse M6 Flange Cold 0.274 3.655 0.248 0.025 1.102 
326 2 Beam M6 Weld Hot 0.253 3.949 0.240 0.013 1.055 
327 2 Pulse M6 Flange Hot 0.277 3.608 0.340 -0.063 0.815 
328 2 DC M8 Flange Cold 0.225 4.454 0.260 -0.036 0.863 
329 2 Pulse M6 Weld Cold 0.281 3.561 0.260 0.021 1.079 
330 2 Beam M8 Weld Cold 0.204 4.900 0.188 0.016 1.084 
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331 2 Pulse M8 Flange Hot 0.186 5.375 0.166 0.021 1.124 
332 2 DC M8 Weld Hot 0.159 6.294 0.142 0.017 1.117 
333 2 Pulse M8 Flange Cold 0.227 4.413 0.212 0.014 1.068 
334 2 Beam M6 Flange Hot 0.335 2.989 0.405 -0.070 0.827 
335 2 DC M6 Flange Cold 0.301 3.326 0.299 0.001 1.004 
336 2 Pulse M8 Weld Hot 0.180 5.540 0.176 0.004 1.023 
337 16 Beam M6 Weld Cold 0.331 3.019 0.276 0.056 1.202 
338 16 Pulse M6 Flange Hot 0.264 3.795 0.247 0.017 1.067 
339 16 DC M6 Weld Cold 0.260 3.845 0.253 0.007 1.027 
340 16 Pulse M6 Weld Cold 0.259 3.860 0.275 -0.016 0.941 
341 16 Beam M6 Flange Hot 0.261 3.826 0.274 -0.012 0.956 
342 16 Beam M6 Flange Cold 0.299 3.339 0.311 -0.012 0.962 
343 16 DC M8 Flange Cold 0.295 3.395 0.256 0.038 1.148 
344 16 Pulse M8 Weld Cold 0.212 4.710 0.194 0.019 1.097 
345 16 DC M8 Flange Hot 0.169 5.933 0.181 -0.012 0.934 
346 16 DC M6 Flange Hot 0.244 4.102 0.244 0.000 1.000 
347 16 Pulse M6 Flange Cold 0.254 3.934 0.270 -0.016 0.941 
348 16 Pulse M8 Flange Hot 0.185 5.411 0.169 0.015 1.091 
349 16 Pulse M8 Weld Hot 0.181 5.526 0.174 0.007 1.041 
350 16 Beam M8 Flange Hot 0.277 3.607 0.287 -0.010 0.965 
351 16 DC M8 Weld Cold 0.229 4.375 0.222 0.006 1.029 
352 16 Beam M6 Weld Hot 0.226 4.432 0.215 0.011 1.052 
353 16 DC M6 Flange Cold 0.305 3.275 0.273 0.033 1.120 
354 16 DC M8 Weld Hot 0.171 5.843 0.159 0.012 1.078 
355 16 Beam M8 Weld Cold 0.183 5.452 0.166 0.017 1.104 
356 16 Pulse M6 Weld Hot 0.347 2.883 0.274 0.073 1.268 
357 16 DC M6 Weld Hot 0.244 4.102 0.243 0.001 1.003 
358 16 Pulse M8 Flange Cold 0.205 4.872 0.194 0.011 1.057 
359 16 Beam M8 Weld Hot 0.255 3.927 0.211 0.043 1.205 
360 16 Beam M8 Flange Cold 0.260 3.849 0.250 0.010 1.040 
361 20 Pulse M6 Weld Hot 0.264 3.789 0.238 0.026 1.107 
362 20 DC M6 Flange Cold 0.273 3.667 0.277 -0.004 0.985 
363 20 DC M8 Weld Cold 0.187 5.343 0.176 0.011 1.065 
364 20 DC M8 Flange Hot 0.238 4.194 0.257 -0.018 0.929 
365 20 Beam M8 Flange Cold 0.260 3.852 0.253 0.007 1.027 
366 20 Beam M8 Weld Cold 0.301 3.321 0.237 0.064 1.271 
367 20 Beam M6 Weld Hot 0.246 4.057 0.246 0.000 1.002 
368 20 Pulse M6 Flange Cold 0.352 2.842 0.320 0.031 1.098 
369 20 Beam M8 Weld Hot 0.186 5.367 0.156 0.031 1.197 
370 20 Pulse M8 Weld Cold 0.165 6.058 0.166 -0.001 0.995 
371 20 DC M6 Flange Hot 0.243 4.110 0.244 -0.001 0.997 
372 20 Beam M6 Flange Hot 0.402 2.486 0.457 -0.055 0.880 
373 20 Beam M6 Weld Cold 0.252 3.972 0.244 0.008 1.032 
374 20 DC M8 Flange Cold 0.233 4.299 0.235 -0.003 0.989 
375 20 DC M6 Weld Hot 0.244 4.098 0.244 0.000 1.000 
376 20 Pulse M8 Flange Hot 0.186 5.388 0.180 0.005 1.030 
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K1 - K2 
Original 
K1 / K2 
Original 
377 20 DC M6 Weld Cold 0.272 3.675 0.244 0.028 1.115 
378 20 Pulse M6 Weld Cold 0.277 3.612 0.271 0.006 1.021 
379 20 Beam M6 Flange Cold 0.252 3.970 0.248 0.004 1.016 
380 20 DC M8 Weld Hot 0.184 5.423 0.156 0.028 1.180 
381 20 Pulse M8 Flange Cold 0.204 4.895 0.201 0.004 1.017 
382 20 Pulse M6 Flange Hot 0.257 3.897 0.249 0.007 1.030 
383 20 Pulse M8 Weld Hot 0.219 4.557 0.204 0.016 1.077 
384 20 Beam M8 Flange Hot 0.256 3.907 0.300 -0.044 0.852 
385 1 Pulse M6 Flange Hot 0.316 3.169 0.291 0.025 1.086 
386 1 DC M8 Flange Hot 0.200 4.998 0.183 0.017 1.094 
387 1 DC M8 Flange Cold 0.213 4.701 0.208 0.004 1.021 
388 1 Pulse M8 Weld Hot 0.182 5.498 0.180 0.002 1.011 
389 1 DC M6 Weld Hot 0.230 4.356 0.210 0.019 1.091 
390 1 Beam M8 Flange Hot 0.276 3.620 0.277 -0.001 0.996 
391 1 DC M6 Weld Cold 0.244 4.098 0.245 -0.001 0.996 
392 1 Pulse M8 Weld Cold 0.171 5.858 0.172 -0.001 0.995 
393 1 Beam M6 Weld Hot 0.221 4.525 0.203 0.018 1.090 
394 1 Beam M6 Flange Cold 0.281 3.559 0.300 -0.019 0.936 
395 1 Beam M8 Weld Cold 0.228 4.381 0.180 0.048 1.265 
396 1 Pulse M6 Weld Hot 0.257 3.887 0.255 0.003 1.010 
397 1 DC M8 Weld Cold 0.189 5.281 0.159 0.030 1.192 
398 1 DC M6 Flange Cold 0.292 3.423 0.301 -0.009 0.971 
399 1 DC M8 Weld Hot 0.158 6.312 0.155 0.004 1.024 
400 1 Beam M8 Weld Hot 0.279 3.589 0.271 0.007 1.027 
401 1 Pulse M8 Flange Cold 0.191 5.243 0.172 0.018 1.107 
402 1 Beam M8 Flange Cold 0.269 3.717 0.317 -0.048 0.848 
403 1 Pulse M6 Flange Cold 0.292 3.428 0.271 0.021 1.076 
404 1 DC M6 Flange Hot 0.264 3.790 0.273 -0.010 0.965 
405 1 Pulse M8 Flange Hot 0.233 4.295 0.213 0.020 1.092 
406 1 Beam M6 Flange Hot 0.260 3.849 0.250 0.009 1.038 
407 1 Pulse M6 Weld Cold 0.345 2.899 0.299 0.046 1.153 
408 1 Beam M6 Weld Cold 0.316 3.163 0.308 0.009 1.028 
409 12 Pulse M6 Weld Cold 0.276 3.623 0.240 0.036 1.148 
410 12 Pulse M8 Flange Cold 0.198 5.047 0.180 0.018 1.102 
411 12 Beam M8 Weld Hot 0.242 4.138 0.198 0.043 1.219 
412 12 Beam M8 Weld Cold 0.255 3.925 0.218 0.036 1.167 
413 12 Pulse M6 Flange Cold 0.313 3.194 0.237 0.076 1.320 
414 12 DC M6 Flange Cold 0.238 4.207 0.245 -0.007 0.972 
415 12 Beam M8 Flange Hot 0.242 4.124 0.294 -0.052 0.824 
416 12 DC M6 Weld Cold 0.266 3.764 0.288 -0.022 0.923 
417 12 DC M8 Weld Cold 0.213 4.703 0.164 0.049 1.297 
418 12 Beam M6 Flange Hot 0.281 3.557 0.354 -0.073 0.794 
419 12 Pulse M6 Weld Hot 0.267 3.741 0.237 0.030 1.126 
420 12 DC M6 Weld Hot 0.266 3.756 0.244 0.022 1.091 
421 12 Pulse M8 Weld Cold 0.152 6.566 0.155 -0.002 0.985 
422 12 Beam M8 Flange Cold 0.260 3.851 0.279 -0.019 0.931 
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423 12 DC M8 Flange Cold 0.239 4.184 0.256 -0.017 0.932 
424 12 DC M8 Weld Hot 0.195 5.125 0.161 0.034 1.211 
425 12 Beam M6 Weld Cold 0.305 3.274 0.347 -0.041 0.881 
426 12 Pulse M6 Flange Hot 0.443 2.257 0.306 0.137 1.446 
427 12 DC M8 Flange Hot 0.245 4.090 0.263 -0.019 0.929 
428 12 Beam M6 Weld Hot 0.211 4.737 0.217 -0.006 0.971 
429 12 DC M6 Flange Hot 0.244 4.106 0.245 -0.002 0.992 
430 12 Pulse M8 Weld Hot 0.211 4.745 0.193 0.018 1.093 
431 12 Beam M6 Flange Cold 0.283 3.529 0.309 -0.025 0.918 
432 12 Pulse M8 Flange Hot 0.165 6.071 0.180 -0.015 0.917 
433 7 Beam M8 Weld Cold 0.263 3.801 0.212 0.051 1.240 
434 7 DC M8 Flange Hot 0.188 5.313 0.191 -0.002 0.988 
435 7 DC M8 Weld Cold 0.186 5.386 0.152 0.033 1.218 
436 7 Beam M6 Flange Hot 0.346 2.890 0.358 -0.012 0.967 
437 7 Pulse M8 Flange Cold 0.218 4.579 0.209 0.009 1.044 
438 7 DC M6 Flange Cold 0.300 3.329 0.300 0.000 1.001 
439 7 DC M6 Weld Cold 0.259 3.864 0.247 0.012 1.047 
440 7 DC M6 Flange Hot 0.299 3.339 0.300 0.000 0.999 
441 7 Beam M6 Weld Cold 0.255 3.916 0.277 -0.021 0.923 
442 7 Pulse M6 Flange Hot 0.294 3.397 0.261 0.033 1.126 
443 7 DC M8 Weld Hot 0.177 5.657 0.152 0.025 1.165 
444 7 Beam M8 Flange Cold 0.266 3.754 0.251 0.015 1.061 
445 7 DC M6 Weld Hot 0.244 4.094 0.235 0.009 1.038 
446 7 Pulse M6 Weld Hot 0.298 3.351 0.303 -0.004 0.986 
447 7 Beam M8 Weld Hot 0.244 4.104 0.179 0.065 1.361 
448 7 Beam M6 Flange Cold 0.368 2.715 0.361 0.007 1.020 
449 7 DC M8 Flange Cold 0.258 3.881 0.217 0.041 1.188 
450 7 Beam M8 Flange Hot 0.289 3.462 0.305 -0.016 0.947 
451 7 Pulse M8 Flange Hot 0.193 5.193 0.188 0.004 1.024 
452 7 Pulse M6 Weld Cold 0.279 3.588 0.252 0.027 1.107 
453 7 Beam M6 Weld Hot 0.249 4.010 0.221 0.028 1.127 
454 7 Pulse M8 Weld Cold 0.163 6.149 0.167 -0.004 0.975 
455 7 Pulse M6 Flange Cold 0.318 3.142 0.235 0.083 1.355 
456 7 Pulse M8 Weld Hot 0.168 5.945 0.175 -0.007 0.960 
457 4 DC M8 Weld Cold 0.182 5.505 0.158 0.024 1.149 
458 4 Beam M8 Weld Hot 0.280 3.573 0.211 0.069 1.327 
459 4 Pulse M8 Weld Cold 0.192 5.213 0.170 0.022 1.132 
460 4 Pulse M8 Weld Hot 0.149 6.709 0.148 0.001 1.007 
461 4 Pulse M6 Weld Hot 0.251 3.985 0.225 0.026 1.117 
462 4 Pulse M8 Flange Cold 0.189 5.279 0.178 0.012 1.066 
463 4 DC M8 Flange Cold 0.242 4.131 0.218 0.024 1.112 
464 4 DC M6 Flange Hot 0.261 3.827 0.301 -0.039 0.869 
465 4 DC M8 Flange Hot 0.254 3.937 0.267 -0.013 0.951 
466 4 Beam M8 Flange Cold 0.295 3.387 0.321 -0.026 0.920 
467 4 Beam M6 Flange Hot 0.229 4.367 0.205 0.024 1.115 
468 4 Pulse M6 Flange Cold 0.262 3.811 0.309 -0.046 0.850 
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Original 
469 4 Pulse M6 Flange Hot 0.313 3.192 0.249 0.064 1.256 
470 4 Beam M6 Weld Hot 0.241 4.155 0.240 0.001 1.003 
471 4 Beam M6 Weld Cold 0.296 3.377 0.290 0.006 1.022 
472 4 DC M6 Flange Cold 0.300 3.333 0.262 0.038 1.144 
473 4 Beam M8 Weld Cold 0.207 4.826 0.170 0.037 1.216 
474 4 Beam M8 Flange Hot 0.288 3.468 0.276 0.013 1.046 
475 4 DC M6 Weld Hot 0.238 4.202 0.221 0.017 1.076 
476 4 Beam M6 Flange Cold 0.305 3.281 0.381 -0.077 0.799 
477 4 DC M8 Weld Hot 0.182 5.500 0.160 0.022 1.138 
478 4 DC M6 Weld Cold 0.299 3.339 0.250 0.050 1.199 
479 4 Pulse M8 Flange Hot 0.188 5.333 0.206 -0.018 0.911 





Appendix F: Data Analysis Table with Torque Coefficients Calculated Using 
Translated Force 
 
For explanations of the column headers Tool, Diameter, Nut, and Plate, refer to 
table 3.1. The following list summarizes and explains the column headers used in the data 
tables and throughout the data analysis: 
- K1 Translated: the torque coefficient calculated using Translated Force 1, 
explained in section 4.2. 
- K2 Translated: the torque coefficient calculated using Translated Force 2, 
explained in section 4.2. 
- Inv K1 Translated: the inverse of K1 Translated, or 1 / K1 Translated, 
explained in section 4.3. 
- K1 – K2 Translated: the subtraction of K2 Translated from K1 Translated 
explained in section 4.4. 
- K1 / K2 Translated: the ratio between K1 Translated and K2 Translated 
explained in section 4.4. 
 
Table F.1.  
Data Analysis Table with Torque Coefficients Calculated Using Translated Force. 


























1 10 DC M6 Flange Hot 0.220 4.553 0.235 -0.015 0.935 
2 10 Pulse M8 Weld Cold 0.147 6.822 0.136 0.010 1.076 
3 10 Beam M6 Flange Hot 0.334 2.997 0.259 0.075 1.289 
4 10 Beam M6 Weld Hot 0.188 5.325 0.173 0.015 1.086 
5 10 Pulse M6 Flange Cold 0.210 4.770 0.217 -0.007 0.966 
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6 10 Beam M8 Flange Hot 0.193 5.191 0.162 0.030 1.187 
7 10 DC M8 Weld Hot 0.147 6.820 0.120 0.026 1.217 
8 10 Beam M6 Flange Cold 0.253 3.949 0.260 -0.007 0.972 
9 10 Pulse M8 Weld Hot 0.140 7.135 0.128 0.012 1.095 
10 10 Pulse M8 Flange Hot 0.170 5.896 0.168 0.001 1.007 
11 10 Beam M8 Weld Hot 0.219 4.569 0.157 0.062 1.397 
12 10 DC M8 Flange Hot 0.152 6.584 0.148 0.004 1.025 
13 10 Pulse M6 Weld Hot 0.198 5.040 0.194 0.005 1.025 
14 10 DC M8 Flange Cold 0.179 5.581 0.159 0.021 1.130 
15 10 Pulse M6 Flange Hot 0.227 4.405 0.202 0.026 1.127 
16 10 Beam M8 Weld Cold 0.172 5.804 0.124 0.048 1.386 
17 10 Beam M8 Flange Cold 0.216 4.640 0.233 -0.018 0.923 
18 10 DC M6 Weld Cold 0.207 4.825 0.206 0.001 1.007 
19 10 DC M6 Weld Hot 0.171 5.863 0.170 0.001 1.003 
20 10 DC M8 Weld Cold 0.165 6.074 0.164 0.001 1.005 
21 10 Beam M6 Weld Cold 0.205 4.879 0.194 0.011 1.056 
22 10 Pulse M8 Flange Cold 0.161 6.212 0.146 0.015 1.100 
23 10 Pulse M6 Weld Cold 0.169 5.916 0.168 0.001 1.005 
24 10 DC M6 Flange Cold 0.263 3.798 0.264 0.000 0.999 
25 3 DC M6 Weld Cold 0.238 4.203 0.263 -0.025 0.906 
26 3 DC M6 Flange Cold 0.258 3.870 0.254 0.005 1.019 
27 3 Beam M8 Flange Cold 0.185 5.397 0.188 -0.003 0.984 
28 3 Beam M8 Weld Hot 0.169 5.903 0.147 0.023 1.156 
29 3 DC M8 Weld Cold 0.137 7.287 0.135 0.002 1.018 
30 3 Beam M6 Flange Hot 0.347 2.882 0.223 0.124 1.559 
31 3 Pulse M8 Flange Hot 0.148 6.747 0.154 -0.006 0.961 
32 3 DC M8 Weld Hot 0.159 6.304 0.153 0.005 1.035 
33 3 Beam M6 Weld Hot 0.146 6.849 0.162 -0.016 0.901 
34 3 Beam M6 Flange Cold 0.273 3.657 0.260 0.014 1.052 
35 3 Beam M8 Weld Cold 0.148 6.745 0.131 0.018 1.136 
36 3 DC M8 Flange Cold 0.146 6.826 0.188 -0.041 0.780 
37 3 Pulse M8 Flange Cold 0.187 5.352 0.166 0.021 1.128 
38 3 Pulse M6 Weld Hot 0.174 5.763 0.174 0.000 0.999 
39 3 Pulse M6 Weld Cold 0.243 4.118 0.208 0.035 1.168 
40 3 Pulse M8 Weld Cold 0.146 6.847 0.141 0.005 1.035 
41 3 Beam M6 Weld Cold 0.173 5.776 0.159 0.014 1.086 
42 3 DC M6 Flange Hot 0.171 5.863 0.201 -0.030 0.851 
43 3 DC M6 Weld Hot 0.172 5.817 0.161 0.010 1.065 
44 3 Pulse M6 Flange Cold 0.204 4.912 0.179 0.024 1.137 
45 3 Pulse M6 Flange Hot 0.208 4.807 0.177 0.031 1.177 
46 3 Beam M8 Flange Hot 0.200 4.998 0.203 -0.003 0.986 
47 3 Pulse M8 Weld Hot 0.138 7.237 0.137 0.001 1.008 
48 3 DC M8 Flange Hot 0.156 6.416 0.151 0.004 1.030 
49 9 Pulse M8 Weld Hot 0.132 7.579 0.132 0.000 1.002 
50 9 Beam M8 Weld Hot 0.195 5.116 0.125 0.070 1.563 
51 9 DC M8 Flange Hot 0.216 4.638 0.228 -0.012 0.946 
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52 9 Beam M6 Weld Cold 0.203 4.922 0.189 0.014 1.073 
53 9 DC M8 Flange Cold 0.195 5.141 0.174 0.021 1.120 
54 9 DC M8 Weld Cold 0.158 6.349 0.113 0.045 1.397 
55 9 DC M6 Weld Hot 0.171 5.857 0.171 0.000 1.001 
56 9 Beam M6 Flange Hot 0.303 3.301 0.274 0.029 1.106 
57 9 Pulse M6 Weld Hot 0.204 4.895 0.197 0.008 1.039 
58 9 Beam M8 Flange Hot 0.212 4.724 0.210 0.001 1.007 
59 9 DC M6 Weld Cold 0.189 5.304 0.206 -0.018 0.915 
60 9 DC M6 Flange Cold 0.207 4.839 0.208 -0.001 0.995 
61 9 DC M6 Flange Hot 0.171 5.863 0.174 -0.004 0.978 
62 9 Pulse M6 Weld Cold 0.191 5.235 0.187 0.004 1.023 
63 9 DC M8 Weld Hot 0.116 8.653 0.099 0.017 1.170 
64 9 Pulse M6 Flange Cold 0.229 4.360 0.222 0.007 1.031 
65 9 Beam M8 Flange Cold 0.220 4.554 0.211 0.009 1.043 
66 9 Beam M6 Weld Hot 0.194 5.145 0.176 0.019 1.106 
67 9 Pulse M8 Weld Cold 0.146 6.847 0.145 0.001 1.009 
68 9 Beam M6 Flange Cold 0.221 4.529 0.223 -0.002 0.992 
69 9 Beam M8 Weld Cold 0.170 5.881 0.134 0.036 1.273 
70 9 Pulse M6 Flange Hot 0.201 4.987 0.174 0.026 1.150 
71 9 Pulse M8 Flange Hot 0.150 6.674 0.133 0.017 1.129 
72 9 Pulse M8 Flange Cold 0.187 5.360 0.172 0.014 1.082 
73 19 DC M6 Weld Cold 0.238 4.203 0.202 0.036 1.176 
74 19 Pulse M6 Weld Hot 0.174 5.744 0.179 -0.005 0.974 
75 19 Beam M6 Flange Cold 0.200 5.012 0.266 -0.066 0.751 
76 19 DC M8 Flange Hot 0.178 5.602 0.165 0.014 1.085 
77 19 DC M6 Weld Hot 0.173 5.796 0.159 0.013 1.082 
78 19 DC M6 Flange Hot 0.202 4.948 0.182 0.020 1.111 
79 19 DC M8 Weld Hot 0.141 7.069 0.106 0.035 1.332 
80 19 Beam M8 Weld Cold 0.189 5.300 0.163 0.026 1.160 
81 19 Beam M6 Weld Hot 0.165 6.049 0.172 -0.007 0.959 
82 19 Pulse M6 Flange Hot 0.215 4.650 0.198 0.017 1.087 
83 19 Pulse M8 Flange Hot 0.165 6.078 0.144 0.021 1.146 
84 19 Beam M8 Weld Hot 0.205 4.869 0.163 0.043 1.264 
85 19 Pulse M6 Weld Cold 0.200 4.995 0.193 0.008 1.039 
86 19 Pulse M8 Weld Hot 0.128 7.804 0.127 0.001 1.006 
87 19 DC M8 Weld Cold 0.132 7.592 0.112 0.020 1.174 
88 19 Beam M6 Weld Cold 0.170 5.880 0.169 0.001 1.007 
89 19 DC M8 Flange Cold 0.192 5.203 0.172 0.021 1.120 
90 19 Pulse M6 Flange Cold 0.216 4.622 0.197 0.020 1.101 
91 19 DC M6 Flange Cold 0.206 4.854 0.207 -0.001 0.997 
92 19 Beam M8 Flange Cold 0.201 4.969 0.201 0.001 1.003 
93 19 Beam M6 Flange Hot 0.217 4.605 0.247 -0.029 0.881 
94 19 Pulse M8 Weld Cold 0.137 7.293 0.136 0.001 1.005 
95 19 Pulse M8 Flange Cold 0.174 5.762 0.158 0.016 1.100 
96 19 Beam M8 Flange Hot 0.199 5.029 0.195 0.004 1.020 
97 6 DC M8 Weld Cold 0.128 7.836 0.128 0.000 1.001 
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98 6 Pulse M6 Weld Cold 0.212 4.722 0.201 0.011 1.053 
99 6 Beam M6 Weld Cold 0.195 5.125 0.174 0.021 1.121 
100 6 Beam M6 Weld Hot 0.157 6.379 0.153 0.004 1.025 
101 6 Pulse M6 Flange Cold 0.188 5.320 0.199 -0.011 0.945 
102 6 Pulse M8 Flange Hot 0.151 6.626 0.132 0.019 1.143 
103 6 Beam M6 Flange Hot 0.164 6.099 0.177 -0.013 0.927 
104 6 DC M8 Flange Cold 0.126 7.928 0.109 0.017 1.161 
105 6 Pulse M8 Flange Cold 0.153 6.552 0.164 -0.011 0.933 
106 6 Pulse M8 Weld Hot 0.137 7.307 0.127 0.010 1.076 
107 6 DC M6 Flange Cold 0.256 3.902 0.287 -0.031 0.893 
108 6 DC M8 Flange Hot 0.190 5.250 0.173 0.018 1.102 
109 6 DC M6 Flange Hot 0.177 5.644 0.170 0.007 1.041 
110 6 Beam M8 Weld Hot 0.155 6.453 0.120 0.035 1.291 
111 6 DC M6 Weld Hot 0.189 5.304 0.170 0.018 1.107 
112 6 Beam M8 Weld Cold 0.148 6.735 0.127 0.021 1.169 
113 6 Beam M8 Flange Hot 0.196 5.097 0.203 -0.006 0.969 
114 6 DC M8 Weld Hot 0.129 7.735 0.115 0.014 1.120 
115 6 Pulse M6 Weld Hot 0.176 5.670 0.189 -0.013 0.933 
116 6 Pulse M8 Weld Cold 0.121 8.295 0.133 -0.012 0.906 
117 6 Pulse M6 Flange Hot 0.184 5.428 0.168 0.016 1.098 
118 6 Beam M8 Flange Cold 0.220 4.548 0.224 -0.004 0.983 
119 6 DC M6 Weld Cold 0.207 4.830 0.206 0.001 1.003 
120 6 Beam M6 Flange Cold 0.191 5.236 0.185 0.006 1.033 
121 13 Pulse M8 Weld Hot 0.123 8.120 0.120 0.004 1.030 
122 13 DC M8 Weld Hot 0.138 7.261 0.122 0.016 1.131 
123 13 Beam M8 Flange Cold 0.208 4.802 0.192 0.017 1.086 
124 13 DC M8 Flange Hot 0.171 5.838 0.164 0.007 1.043 
125 13 Pulse M8 Flange Cold 0.169 5.915 0.171 -0.002 0.989 
126 13 Beam M8 Weld Cold 0.216 4.629 0.174 0.042 1.238 
127 13 DC M6 Flange Cold 0.180 5.550 0.184 -0.004 0.978 
128 13 Beam M6 Flange Hot 0.178 5.619 0.194 -0.016 0.918 
129 13 Beam M8 Flange Hot 0.208 4.802 0.207 0.002 1.008 
130 13 DC M8 Weld Cold 0.128 7.805 0.118 0.010 1.086 
131 13 Pulse M6 Flange Cold 0.186 5.379 0.164 0.022 1.132 
132 13 Pulse M6 Flange Hot 0.209 4.788 0.188 0.021 1.113 
133 13 Pulse M8 Flange Hot 0.166 6.041 0.152 0.014 1.090 
134 13 DC M6 Weld Hot 0.170 5.881 0.170 0.000 0.999 
135 13 Pulse M8 Weld Cold 0.132 7.580 0.129 0.003 1.024 
136 13 DC M6 Flange Hot 0.249 4.012 0.200 0.049 1.246 
137 13 Pulse M6 Weld Cold 0.213 4.703 0.231 -0.019 0.919 
138 13 DC M8 Flange Cold 0.173 5.794 0.165 0.008 1.047 
139 13 Beam M6 Flange Cold 0.177 5.651 0.198 -0.021 0.893 
140 13 Beam M8 Weld Hot 0.163 6.124 0.129 0.035 1.270 
141 13 DC M6 Weld Cold 0.171 5.863 0.176 -0.005 0.969 
142 13 Beam M6 Weld Hot 0.151 6.608 0.139 0.012 1.090 
143 13 Beam M6 Weld Cold 0.175 5.710 0.181 -0.006 0.968 
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144 13 Pulse M6 Weld Hot 0.185 5.406 0.171 0.014 1.084 
145 5 Pulse M6 Flange Cold 0.184 5.428 0.196 -0.012 0.940 
146 5 Pulse M6 Weld Cold 0.183 5.472 0.180 0.003 1.016 
147 5 Beam M8 Weld Cold 0.174 5.758 0.138 0.036 1.259 
148 5 DC M8 Weld Hot 0.128 7.819 0.116 0.012 1.106 
149 5 DC M6 Flange Cold 0.201 4.987 0.204 -0.003 0.984 
150 5 Pulse M8 Weld Cold 0.124 8.071 0.126 -0.002 0.983 
151 5 Pulse M8 Weld Hot 0.126 7.966 0.130 -0.004 0.967 
152 5 Beam M8 Weld Hot 0.199 5.034 0.150 0.048 1.322 
153 5 Beam M6 Flange Hot 0.239 4.191 0.233 0.006 1.026 
154 5 DC M6 Weld Cold 0.189 5.283 0.175 0.015 1.085 
155 5 Pulse M6 Flange Hot 0.184 5.428 0.163 0.021 1.131 
156 5 Pulse M8 Flange Cold 0.162 6.165 0.160 0.002 1.011 
157 5 Beam M8 Flange Cold 0.223 4.487 0.217 0.006 1.026 
158 5 Beam M8 Flange Hot 0.191 5.244 0.187 0.004 1.021 
159 5 DC M6 Weld Hot 0.190 5.256 0.170 0.020 1.120 
160 5 DC M8 Weld Cold 0.159 6.306 0.122 0.036 1.298 
161 5 Beam M6 Flange Cold 0.233 4.283 0.258 -0.024 0.905 
162 5 Beam M6 Weld Cold 0.210 4.768 0.177 0.032 1.183 
163 5 Beam M6 Weld Hot 0.159 6.277 0.156 0.003 1.018 
164 5 DC M8 Flange Hot 0.197 5.071 0.173 0.024 1.140 
165 5 DC M6 Flange Hot 0.169 5.933 0.170 -0.001 0.991 
166 5 DC M8 Flange Cold 0.148 6.740 0.135 0.014 1.103 
167 5 Pulse M8 Flange Hot 0.121 8.239 0.119 0.003 1.023 
168 5 Pulse M6 Weld Hot 0.174 5.750 0.157 0.017 1.107 
169 11 Beam M6 Weld Cold 0.164 6.091 0.149 0.015 1.104 
170 11 DC M8 Weld Cold 0.160 6.269 0.128 0.032 1.249 
171 11 DC M6 Flange Hot 0.170 5.875 0.172 -0.002 0.987 
172 11 DC M6 Weld Cold 0.210 4.765 0.181 0.028 1.157 
173 11 DC M8 Weld Hot 0.122 8.205 0.115 0.007 1.058 
174 11 Pulse M8 Weld Cold 0.159 6.301 0.129 0.029 1.226 
175 11 Beam M6 Flange Cold 0.184 5.421 0.189 -0.005 0.975 
176 11 Beam M6 Weld Hot 0.163 6.118 0.162 0.001 1.009 
177 11 Beam M8 Weld Cold 0.162 6.173 0.146 0.016 1.112 
178 11 DC M6 Weld Hot 0.157 6.352 0.151 0.007 1.045 
179 11 Pulse M8 Flange Hot 0.153 6.556 0.140 0.013 1.089 
180 11 DC M6 Flange Cold 0.213 4.706 0.191 0.022 1.113 
181 11 DC M8 Flange Cold 0.159 6.294 0.156 0.003 1.017 
182 11 Beam M6 Flange Hot 0.187 5.347 0.178 0.009 1.052 
183 11 Beam M8 Flange Hot 0.200 5.010 0.189 0.010 1.055 
184 11 DC M8 Flange Hot 0.161 6.219 0.160 0.000 1.002 
185 11 Pulse M6 Flange Hot 0.221 4.533 0.209 0.012 1.058 
186 11 Pulse M6 Weld Hot 0.173 5.773 0.171 0.002 1.012 
187 11 Pulse M6 Flange Cold 0.194 5.166 0.190 0.003 1.017 
188 11 Pulse M6 Weld Cold 0.198 5.056 0.196 0.001 1.007 
189 11 Pulse M8 Weld Hot 0.130 7.667 0.121 0.009 1.074 
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190 11 Beam M8 Flange Cold 0.192 5.217 0.214 -0.022 0.897 
191 11 Beam M8 Weld Hot 0.179 5.585 0.134 0.045 1.333 
192 11 Pulse M8 Flange Cold 0.148 6.772 0.144 0.004 1.026 
193 14 DC M6 Flange Cold 0.191 5.224 0.206 -0.014 0.930 
194 14 Beam M6 Flange Cold 0.237 4.213 0.255 -0.017 0.932 
195 14 DC M8 Flange Cold 0.147 6.813 0.157 -0.010 0.934 
196 14 Beam M6 Weld Cold 0.205 4.879 0.192 0.013 1.066 
197 14 DC M6 Weld Cold 0.171 5.860 0.208 -0.037 0.822 
198 14 Pulse M8 Weld Hot 0.141 7.068 0.118 0.023 1.194 
199 14 Pulse M6 Flange Cold 0.198 5.048 0.214 -0.016 0.925 
200 14 Pulse M8 Flange Cold 0.168 5.965 0.175 -0.007 0.960 
201 14 Pulse M8 Flange Hot 0.168 5.946 0.151 0.018 1.117 
202 14 Pulse M6 Flange Hot 0.164 6.083 0.185 -0.021 0.887 
203 14 Beam M8 Flange Hot 0.161 6.205 0.181 -0.020 0.890 
204 14 DC M8 Weld Cold 0.185 5.411 0.159 0.026 1.164 
205 14 Beam M8 Flange Cold 0.216 4.622 0.237 -0.020 0.914 
206 14 DC M8 Flange Hot 0.157 6.384 0.160 -0.004 0.978 
207 14 Pulse M8 Weld Cold 0.131 7.632 0.130 0.001 1.011 
208 14 Pulse M6 Weld Cold 0.191 5.224 0.164 0.028 1.170 
209 14 Beam M6 Weld Hot 0.172 5.825 0.177 -0.005 0.971 
210 14 Beam M6 Flange Hot 0.200 4.990 0.197 0.003 1.017 
211 14 DC M6 Weld Hot 0.171 5.837 0.170 0.001 1.006 
212 14 DC M8 Weld Hot 0.144 6.947 0.120 0.024 1.202 
213 14 DC M6 Flange Hot 0.191 5.235 0.172 0.019 1.108 
214 14 Pulse M6 Weld Hot 0.183 5.474 0.170 0.013 1.074 
215 14 Beam M8 Weld Cold 0.199 5.023 0.172 0.027 1.157 
216 14 Beam M8 Weld Hot 0.178 5.627 0.130 0.048 1.369 
217 15 DC M6 Flange Hot 0.175 5.720 0.186 -0.011 0.940 
218 15 Beam M8 Weld Cold 0.198 5.045 0.172 0.026 1.149 
219 15 Pulse M6 Flange Cold 0.177 5.634 0.175 0.002 1.014 
220 15 DC M8 Flange Cold 0.167 5.983 0.136 0.031 1.229 
221 15 Beam M8 Flange Cold 0.228 4.385 0.238 -0.010 0.960 
222 15 DC M8 Flange Hot 0.161 6.218 0.182 -0.021 0.886 
223 15 Beam M6 Weld Hot 0.165 6.049 0.164 0.001 1.007 
224 15 Beam M6 Flange Cold 0.261 3.838 0.243 0.018 1.073 
225 15 Pulse M6 Weld Hot 0.169 5.914 0.176 -0.007 0.959 
226 15 DC M8 Weld Cold 0.137 7.288 0.139 -0.002 0.987 
227 15 DC M6 Flange Cold 0.186 5.363 0.201 -0.015 0.926 
228 15 Beam M8 Weld Hot 0.220 4.552 0.173 0.047 1.269 
229 15 Pulse M6 Flange Hot 0.150 6.647 0.177 -0.026 0.851 
230 15 Beam M6 Flange Hot 0.219 4.566 0.251 -0.032 0.872 
231 15 Pulse M8 Flange Hot 0.185 5.391 0.177 0.009 1.051 
232 15 Pulse M6 Weld Cold 0.196 5.090 0.210 -0.014 0.935 
233 15 Pulse M8 Weld Cold 0.145 6.919 0.128 0.017 1.131 
234 15 DC M6 Weld Hot 0.155 6.435 0.145 0.010 1.068 
235 15 Beam M8 Flange Hot 0.204 4.910 0.206 -0.002 0.988 
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236 15 Beam M6 Weld Cold 0.291 3.441 0.164 0.127 1.775 
237 15 Pulse M8 Flange Cold 0.166 6.031 0.155 0.010 1.068 
238 15 DC M8 Weld Hot 0.174 5.754 0.172 0.002 1.011 
239 15 DC M6 Weld Cold 0.207 4.821 0.206 0.002 1.008 
240 15 Pulse M8 Weld Hot 0.171 5.832 0.152 0.020 1.129 
241 8 DC M6 Flange Hot 0.190 5.251 0.209 -0.019 0.911 
242 8 DC M6 Flange Cold 0.199 5.034 0.204 -0.005 0.973 
243 8 Pulse M6 Flange Cold 0.219 4.575 0.194 0.025 1.128 
244 8 DC M6 Weld Hot 0.171 5.848 0.159 0.012 1.073 
245 8 DC M6 Weld Cold 0.174 5.738 0.175 0.000 0.998 
246 8 DC M8 Flange Hot 0.177 5.645 0.174 0.004 1.021 
247 8 DC M8 Flange Cold 0.161 6.200 0.169 -0.008 0.953 
248 8 Beam M8 Flange Hot 
     
249 8 Pulse M6 Weld Hot 0.198 5.051 0.195 0.003 1.013 
250 8 Pulse M8 Flange Hot 0.181 5.523 0.158 0.023 1.148 
251 8 Pulse M8 Weld Cold 0.163 6.151 0.134 0.029 1.215 
252 8 Pulse M6 Flange Hot 0.173 5.768 0.173 0.000 1.000 
253 8 Pulse M8 Weld Hot 0.125 7.991 0.130 -0.004 0.966 
254 8 Beam M6 Weld Cold 0.170 5.872 0.146 0.024 1.168 
255 8 Beam M6 Weld Hot 0.172 5.825 0.152 0.019 1.127 
256 8 DC M8 Weld Cold 0.148 6.777 0.115 0.033 1.285 
257 8 Beam M8 Flange Cold 
     
258 8 Beam M8 Weld Cold 0.185 5.399 0.150 0.036 1.237 
259 8 Beam M6 Flange Hot 0.215 4.645 0.247 -0.032 0.870 
260 8 Beam M8 Weld Hot 0.170 5.881 0.138 0.032 1.233 
261 8 Beam M6 Flange Cold 0.271 3.689 0.278 -0.007 0.974 
262 8 Pulse M6 Weld Cold 0.184 5.443 0.184 0.000 0.998 
263 8 DC M8 Weld Hot 0.119 8.403 0.108 0.011 1.101 
264 8 Pulse M8 Flange Cold 0.151 6.641 0.150 0.001 1.006 
265 17 Beam M8 Flange Hot 0.173 5.793 0.192 -0.019 0.900 
266 17 Pulse M6 Flange Cold 0.248 4.032 0.201 0.047 1.237 
267 17 DC M8 Flange Hot 
     
268 17 Beam M8 Weld Hot 0.149 6.716 0.118 0.031 1.260 
269 17 Beam M8 Flange Cold 0.215 4.658 0.222 -0.008 0.966 
270 17 DC M6 Flange Cold 0.171 5.848 0.192 -0.021 0.889 
271 17 DC M8 Flange Cold 0.138 7.265 0.120 0.018 1.146 
272 17 Beam M6 Flange Cold 0.181 5.528 0.189 -0.008 0.956 
273 17 Pulse M8 Flange Hot 0.167 5.975 0.151 0.017 1.110 
274 17 Beam M6 Weld Cold 0.171 5.860 0.149 0.022 1.145 
275 17 DC M6 Weld Cold 0.192 5.202 0.199 -0.007 0.967 
276 17 Beam M6 Flange Hot 0.184 5.429 0.197 -0.013 0.933 
277 17 Pulse M8 Flange Cold 0.153 6.516 0.157 -0.003 0.979 
278 17 Beam M8 Weld Cold 0.166 6.041 0.131 0.035 1.263 
279 17 Pulse M8 Weld Cold 0.140 7.155 0.134 0.005 1.040 
280 17 Pulse M8 Weld Hot 0.134 7.471 0.133 0.001 1.007 
281 17 Pulse M6 Weld Hot 0.177 5.657 0.204 -0.027 0.867 
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282 17 Pulse M6 Flange Hot 0.219 4.568 0.185 0.034 1.182 
283 17 Pulse M6 Weld Cold 0.210 4.758 0.177 0.034 1.190 
284 17 DC M6 Flange Hot 0.173 5.767 0.190 -0.017 0.912 
285 17 DC M8 Weld Cold 0.148 6.764 0.127 0.021 1.163 
286 17 DC M6 Weld Hot 0.177 5.662 0.172 0.005 1.027 
287 17 DC M8 Weld Hot 0.187 5.357 0.123 0.064 1.518 
288 17 Beam M6 Weld Hot 0.167 6.000 0.147 0.019 1.131 
289 18 Pulse M6 Weld Hot 0.187 5.349 0.188 -0.001 0.993 
290 18 Pulse M6 Flange Cold 0.195 5.116 0.182 0.014 1.075 
291 18 Pulse M6 Weld Cold 0.211 4.745 0.181 0.030 1.164 
292 18 DC M6 Weld Cold 0.171 5.848 0.171 0.000 0.999 
293 18 DC M8 Weld Hot 0.128 7.815 0.129 -0.001 0.995 
294 18 Beam M6 Weld Cold 0.179 5.598 0.173 0.006 1.032 
295 18 DC M6 Flange Cold 0.183 5.453 0.172 0.011 1.065 
296 18 Beam M8 Weld Cold 0.209 4.791 0.185 0.023 1.125 
297 18 Pulse M6 Flange Hot 0.239 4.177 0.190 0.049 1.258 
298 18 DC M8 Flange Cold 0.159 6.287 0.141 0.018 1.128 
299 18 Beam M6 Flange Hot 0.179 5.586 0.175 0.004 1.021 
300 18 DC M6 Flange Hot 0.183 5.464 0.169 0.014 1.080 
301 18 Beam M8 Weld Hot 0.173 5.776 0.130 0.043 1.329 
302 18 Pulse M8 Flange Cold 0.170 5.881 0.159 0.011 1.068 
303 18 Beam M6 Weld Hot 0.180 5.566 0.180 -0.001 0.996 
304 18 DC M8 Flange Hot 0.193 5.172 0.191 0.003 1.014 
305 18 Pulse M8 Weld Cold 0.129 7.746 0.133 -0.004 0.967 
306 18 Beam M8 Flange Cold 0.185 5.418 0.199 -0.015 0.926 
307 18 Pulse M8 Flange Hot 0.151 6.636 0.140 0.011 1.079 
308 18 Beam M6 Flange Cold 0.196 5.094 0.201 -0.005 0.976 
309 18 Pulse M8 Weld Hot 0.138 7.253 0.131 0.007 1.055 
310 18 Beam M8 Flange Hot 0.186 5.382 0.189 -0.003 0.984 
311 18 DC M8 Weld Cold 0.159 6.292 0.147 0.012 1.080 
312 18 DC M6 Weld Hot 0.208 4.807 0.202 0.006 1.028 
313 2 Beam M8 Weld Hot 0.161 6.196 0.121 0.041 1.335 
314 2 DC M8 Flange Hot 0.195 5.122 0.193 0.002 1.010 
315 2 Pulse M8 Weld Cold 0.151 6.614 0.145 0.006 1.041 
316 2 Beam M8 Flange Hot 0.224 4.459 0.207 0.017 1.081 
317 2 Beam M6 Flange Cold 0.249 4.011 0.235 0.015 1.062 
318 2 Beam M8 Flange Cold 0.165 6.056 0.184 -0.019 0.898 
319 2 DC M8 Weld Cold 0.161 6.230 0.143 0.017 1.122 
320 2 DC M6 Weld Hot 0.185 5.395 0.185 0.000 1.002 
321 2 DC M6 Weld Cold 0.183 5.459 0.181 0.002 1.013 
322 2 Pulse M6 Weld Hot 0.179 5.595 0.189 -0.010 0.947 
323 2 Beam M6 Weld Cold 0.198 5.050 0.177 0.021 1.120 
324 2 DC M6 Flange Hot 0.168 5.953 0.171 -0.003 0.981 
325 2 Pulse M6 Flange Cold 0.192 5.207 0.175 0.017 1.096 
326 2 Beam M6 Weld Hot 0.177 5.655 0.171 0.006 1.034 
327 2 Pulse M6 Flange Hot 0.193 5.187 0.235 -0.042 0.820 
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328 2 DC M8 Flange Cold 0.166 6.042 0.190 -0.024 0.872 
329 2 Pulse M6 Weld Cold 0.197 5.072 0.183 0.014 1.078 
330 2 Beam M8 Weld Cold 0.151 6.631 0.140 0.011 1.076 
331 2 Pulse M8 Flange Hot 0.139 7.169 0.125 0.014 1.114 
332 2 DC M8 Weld Hot 0.120 8.323 0.109 0.011 1.106 
333 2 Pulse M8 Flange Cold 0.168 5.953 0.157 0.011 1.069 
334 2 Beam M6 Flange Hot 0.230 4.355 0.274 -0.044 0.839 
335 2 DC M6 Flange Cold 0.208 4.811 0.207 0.001 1.004 
336 2 Pulse M8 Weld Hot 0.136 7.348 0.133 0.003 1.023 
337 16 Beam M6 Weld Cold 0.227 4.398 0.192 0.035 1.184 
338 16 Pulse M6 Flange Hot 0.185 5.419 0.174 0.010 1.060 
339 16 DC M6 Weld Cold 0.182 5.501 0.177 0.004 1.025 
340 16 Pulse M6 Weld Cold 0.182 5.499 0.193 -0.011 0.941 
341 16 Beam M6 Flange Hot 0.183 5.474 0.191 -0.008 0.956 
342 16 Beam M6 Flange Cold 0.207 4.831 0.215 -0.008 0.962 
343 16 DC M8 Flange Cold 0.213 4.691 0.187 0.026 1.139 
344 16 Pulse M8 Weld Cold 0.158 6.332 0.146 0.012 1.085 
345 16 DC M8 Flange Hot 0.127 7.887 0.135 -0.008 0.938 
346 16 DC M6 Flange Hot 0.171 5.843 0.171 0.000 1.000 
347 16 Pulse M6 Flange Cold 0.178 5.603 0.189 -0.011 0.942 
348 16 Pulse M8 Flange Hot 0.139 7.196 0.128 0.011 1.084 
349 16 Pulse M8 Weld Hot 0.136 7.339 0.131 0.005 1.036 
350 16 Beam M8 Flange Hot 0.201 4.966 0.209 -0.007 0.966 
351 16 DC M8 Weld Cold 0.168 5.940 0.164 0.004 1.027 
352 16 Beam M6 Weld Hot 0.158 6.324 0.152 0.006 1.039 
353 16 DC M6 Flange Cold 0.211 4.742 0.190 0.021 1.111 
354 16 DC M8 Weld Hot 0.129 7.773 0.120 0.009 1.071 
355 16 Beam M8 Weld Cold 0.137 7.324 0.125 0.012 1.095 
356 16 Pulse M6 Weld Hot 0.240 4.165 0.192 0.048 1.250 
357 16 DC M6 Weld Hot 0.171 5.843 0.171 0.001 1.003 
358 16 Pulse M8 Flange Cold 0.153 6.550 0.145 0.007 1.051 
359 16 Beam M8 Weld Hot 0.186 5.381 0.156 0.029 1.188 
360 16 Beam M8 Flange Cold 0.190 5.275 0.182 0.007 1.041 
361 20 Pulse M6 Weld Hot 0.185 5.398 0.169 0.016 1.094 
362 20 DC M6 Flange Cold 0.190 5.266 0.193 -0.003 0.986 
363 20 DC M8 Weld Cold 0.140 7.158 0.132 0.008 1.058 
364 20 DC M8 Flange Hot 0.175 5.715 0.187 -0.012 0.934 
365 20 Beam M8 Flange Cold 0.190 5.276 0.185 0.004 1.023 
366 20 Beam M8 Weld Cold 0.218 4.588 0.173 0.045 1.258 
367 20 Beam M6 Weld Hot 0.173 5.779 0.173 0.000 1.002 
368 20 Pulse M6 Flange Cold 0.241 4.146 0.222 0.019 1.088 
369 20 Beam M8 Weld Hot 0.139 7.182 0.117 0.022 1.185 
370 20 Pulse M8 Weld Cold 0.125 7.994 0.126 0.000 0.997 
371 20 DC M6 Flange Hot 0.171 5.854 0.171 -0.001 0.997 
372 20 Beam M6 Flange Hot 0.272 3.675 0.305 -0.033 0.891 
373 20 Beam M6 Weld Cold 0.177 5.657 0.171 0.005 1.032 
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374 20 DC M8 Flange Cold 0.171 5.850 0.173 -0.002 0.989 
375 20 DC M6 Weld Hot 0.171 5.837 0.171 0.000 1.000 
376 20 Pulse M8 Flange Hot 0.140 7.167 0.136 0.003 1.024 
377 20 DC M6 Weld Cold 0.190 5.277 0.171 0.018 1.106 
378 20 Pulse M6 Weld Cold 0.194 5.150 0.190 0.004 1.020 
379 20 Beam M6 Flange Cold 0.177 5.664 0.174 0.003 1.014 
380 20 DC M8 Weld Hot 0.138 7.248 0.118 0.019 1.164 
381 20 Pulse M8 Flange Cold 0.153 6.557 0.150 0.002 1.014 
382 20 Pulse M6 Flange Hot 0.180 5.550 0.176 0.004 1.026 
383 20 Pulse M8 Weld Hot 0.163 6.138 0.152 0.011 1.074 
384 20 Beam M8 Flange Hot 0.187 5.336 0.217 -0.029 0.865 
385 1 Pulse M6 Flange Hot 0.220 4.555 0.204 0.016 1.076 
386 1 DC M8 Flange Hot 0.149 6.719 0.137 0.012 1.088 
387 1 DC M8 Flange Cold 0.157 6.357 0.154 0.003 1.019 
388 1 Pulse M8 Weld Hot 0.137 7.321 0.135 0.001 1.009 
389 1 DC M6 Weld Hot 0.162 6.180 0.149 0.013 1.084 
390 1 Beam M8 Flange Hot 0.202 4.961 0.201 0.000 1.001 
391 1 DC M6 Weld Cold 0.171 5.837 0.172 -0.001 0.996 
392 1 Pulse M8 Weld Cold 0.129 7.746 0.130 -0.001 0.992 
393 1 Beam M6 Weld Hot 0.156 6.410 0.144 0.012 1.087 
394 1 Beam M6 Flange Cold 0.195 5.116 0.207 -0.012 0.942 
395 1 Beam M8 Weld Cold 0.168 5.962 0.135 0.033 1.243 
396 1 Pulse M6 Weld Hot 0.182 5.507 0.181 0.001 1.004 
397 1 DC M8 Weld Cold 0.141 7.081 0.120 0.021 1.176 
398 1 DC M6 Flange Cold 0.202 4.940 0.208 -0.006 0.973 
399 1 DC M8 Weld Hot 0.120 8.345 0.117 0.003 1.022 
400 1 Beam M8 Weld Hot 0.203 4.921 0.198 0.005 1.027 
401 1 Pulse M8 Flange Cold 0.143 6.970 0.130 0.013 1.103 
402 1 Beam M8 Flange Cold 0.196 5.108 0.229 -0.033 0.855 
403 1 Pulse M6 Flange Cold 0.204 4.908 0.190 0.013 1.070 
404 1 DC M6 Flange Hot 0.184 5.426 0.190 -0.006 0.968 
405 1 Pulse M8 Flange Hot 0.172 5.810 0.158 0.014 1.090 
406 1 Beam M6 Flange Hot 0.182 5.506 0.176 0.006 1.034 
407 1 Pulse M6 Weld Cold 0.239 4.185 0.210 0.029 1.137 
408 1 Beam M6 Weld Cold 0.219 4.575 0.213 0.006 1.027 
409 12 Pulse M6 Weld Cold 0.194 5.161 0.171 0.023 1.134 
410 12 Pulse M8 Flange Cold 0.148 6.742 0.136 0.013 1.094 
411 12 Beam M8 Weld Hot 0.177 5.647 0.147 0.030 1.202 
412 12 Beam M8 Weld Cold 0.186 5.365 0.161 0.025 1.155 
413 12 Pulse M6 Flange Cold 0.217 4.611 0.167 0.050 1.296 
414 12 DC M6 Flange Cold 0.167 5.982 0.172 -0.005 0.974 
415 12 Beam M8 Flange Hot 0.178 5.622 0.213 -0.035 0.834 
416 12 DC M6 Weld Cold 0.185 5.395 0.200 -0.014 0.929 
417 12 DC M8 Weld Cold 0.157 6.357 0.124 0.034 1.273 
418 12 Beam M6 Flange Hot 0.195 5.134 0.241 -0.047 0.807 
419 12 Pulse M6 Weld Hot 0.188 5.320 0.168 0.020 1.117 
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420 12 DC M6 Weld Hot 0.186 5.384 0.171 0.014 1.084 
421 12 Pulse M8 Weld Cold 0.116 8.632 0.118 -0.002 0.983 
422 12 Beam M8 Flange Cold 0.190 5.263 0.202 -0.012 0.940 
423 12 DC M8 Flange Cold 0.176 5.697 0.187 -0.012 0.937 
424 12 DC M8 Weld Hot 0.145 6.877 0.122 0.024 1.193 
425 12 Beam M6 Weld Cold 0.211 4.736 0.237 -0.026 0.892 
426 12 Pulse M6 Flange Hot 0.302 3.306 0.215 0.087 1.405 
427 12 DC M8 Flange Hot 0.179 5.582 0.192 -0.013 0.933 
428 12 Beam M6 Weld Hot 0.150 6.668 0.153 -0.004 0.977 
429 12 DC M6 Flange Hot 0.171 5.848 0.172 -0.001 0.992 
430 12 Pulse M8 Weld Hot 0.157 6.379 0.144 0.013 1.087 
431 12 Beam M6 Flange Cold 0.196 5.105 0.213 -0.017 0.919 
432 12 Pulse M8 Flange Hot 0.125 8.027 0.136 -0.011 0.919 
433 7 Beam M8 Weld Cold 0.192 5.211 0.157 0.035 1.220 
434 7 DC M8 Flange Hot 0.140 7.120 0.142 -0.002 0.988 
435 7 DC M8 Weld Cold 0.139 7.213 0.116 0.023 1.198 
436 7 Beam M6 Flange Hot 0.236 4.233 0.243 -0.007 0.971 
437 7 Pulse M8 Flange Cold 0.162 6.177 0.156 0.006 1.040 
438 7 DC M6 Flange Cold 0.208 4.816 0.207 0.000 1.001 
439 7 DC M6 Weld Cold 0.181 5.528 0.173 0.007 1.043 
440 7 DC M6 Flange Hot 0.207 4.831 0.207 0.000 0.999 
441 7 Beam M6 Weld Cold 0.179 5.587 0.192 -0.013 0.930 
442 7 Pulse M6 Flange Hot 0.204 4.897 0.184 0.021 1.112 
443 7 DC M8 Weld Hot 0.133 7.536 0.115 0.017 1.151 
444 7 Beam M8 Flange Cold 0.194 5.154 0.184 0.010 1.052 
445 7 DC M6 Weld Hot 0.171 5.831 0.166 0.006 1.036 
446 7 Pulse M6 Weld Hot 0.209 4.794 0.213 -0.004 0.980 
447 7 Beam M8 Weld Hot 0.179 5.587 0.134 0.045 1.337 
448 7 Beam M6 Flange Cold 0.251 3.976 0.246 0.005 1.021 
449 7 DC M8 Flange Cold 0.188 5.319 0.160 0.028 1.174 
450 7 Beam M8 Flange Hot 0.209 4.777 0.220 -0.010 0.953 
451 7 Pulse M8 Flange Hot 0.144 6.939 0.141 0.003 1.020 
452 7 Pulse M6 Weld Cold 0.195 5.137 0.178 0.017 1.094 
453 7 Beam M6 Weld Hot 0.175 5.712 0.157 0.018 1.118 
454 7 Pulse M8 Weld Cold 0.123 8.139 0.127 -0.004 0.971 
455 7 Pulse M6 Flange Cold 0.221 4.516 0.167 0.055 1.329 
456 7 Pulse M8 Weld Hot 0.127 7.862 0.132 -0.005 0.960 
457 4 DC M8 Weld Cold 0.136 7.358 0.120 0.016 1.136 
458 4 Beam M8 Weld Hot 0.203 4.934 0.156 0.047 1.300 
459 4 Pulse M8 Weld Cold 0.144 6.965 0.128 0.015 1.120 
460 4 Pulse M8 Weld Hot 0.114 8.782 0.113 0.001 1.006 
461 4 Pulse M6 Weld Hot 0.176 5.690 0.159 0.016 1.103 
462 4 Pulse M8 Flange Cold 0.142 7.040 0.135 0.008 1.056 
463 4 DC M8 Flange Cold 0.178 5.631 0.161 0.017 1.104 
464 4 DC M6 Flange Hot 0.182 5.481 0.208 -0.025 0.878 
465 4 DC M8 Flange Hot 0.186 5.383 0.195 -0.009 0.953 
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466 4 Beam M8 Flange Cold 0.214 4.682 0.231 -0.017 0.926 
467 4 Beam M6 Flange Hot 0.161 6.211 0.145 0.016 1.107 
468 4 Pulse M6 Flange Cold 0.183 5.452 0.215 -0.032 0.852 
469 4 Pulse M6 Flange Hot 0.216 4.627 0.175 0.041 1.234 
470 4 Beam M6 Weld Hot 0.169 5.919 0.169 0.000 1.002 
471 4 Beam M6 Weld Cold 0.204 4.896 0.202 0.003 1.013 
472 4 DC M6 Flange Cold 0.207 4.821 0.183 0.024 1.131 
473 4 Beam M8 Weld Cold 0.153 6.528 0.128 0.025 1.196 
474 4 Beam M8 Flange Hot 0.209 4.791 0.201 0.008 1.041 
475 4 DC M6 Weld Hot 0.167 5.976 0.156 0.011 1.070 
476 4 Beam M6 Flange Cold 0.211 4.745 0.259 -0.049 0.813 
477 4 DC M8 Weld Hot 0.136 7.346 0.121 0.015 1.127 
478 4 DC M6 Weld Cold 0.207 4.831 0.175 0.032 1.183 
479 4 Pulse M8 Flange Hot 0.141 7.092 0.154 -0.013 0.916 





Appendix G: Data Summary Table for K1 Original and K2 Original 
 
For explanations of the column headers Tool, Diameter, Nut, and Plate, refer to 
table 3.1. The following list summarizes and explains the column headers used in the data 
tables and throughout the data analysis: 
- K1 Original: the torque coefficient calculated using Force Readout 1, 
explained in section 4.2. 
- K2 Original: the torque coefficient calculated using Force Readout 2, 
explained in section 4.2. 
Table G.1.  
Data Summary Table for K1 Original and K2 Original. 
Terms 
K1 Original K2 Original 
Mean 
95% CI for 
Mean 
St Dev Mean 




      
 
1 0.2461 (0.226,0.266) 0.0495 0.2373 (0.216,0.259) 0.0536 
 
2 0.2507 (0.231,0.271) 0.0497 0.2466 (0.222,0.271) 0.0623 
 
3 0.2659 (0.232,0.299) 0.0839 0.2516 (0.226,0.277) 0.0633 
 
4 0.2485 (0.229,0.268) 0.0496 0.237 (0.213,0.261) 0.0592 
 
5 0.2484 (0.227,0.269) 0.0523 0.2327 (0.209,0.256) 0.0581 
 
6 0.2415 (0.22,0.263) 0.0543 0.2341 (0.208,0.26) 0.0653 
 
7 0.2552 (0.233,0.278) 0.0558 0.2395 (0.216,0.263) 0.0599 
 
8 0.2497 (0.228,0.272) 0.0523 0.2381 (0.211,0.266) 0.0655 
 
9 0.2682 (0.244,0.293) 0.0605 0.2491 (0.223,0.276) 0.0663 
 
10 0.277 (0.248,0.306) 0.073 0.257 (0.229,0.285) 0.0707 
 
11 0.24122 (0.225,0.257) 0.04056 0.2262 (0.209,0.244) 0.04424 
 
12 0.2504 (0.227,0.273) 0.0573 0.2421 (0.22,0.265) 0.0562 
 
13 0.24668 (0.228,0.266) 0.04766 0.23405 (0.215,0.253) 0.04768 
 
14 0.24859 (0.232,0.265) 0.04095 0.2442 (0.223,0.266) 0.0541 
 
15 0.2641 (0.241,0.287) 0.0582 0.2521 (0.232,0.273) 0.0515 
 
16 0.2465 (0.227,0.266) 0.0491 0.23407 (0.216,0.252) 0.04415 
 
17 0.24519 (0.227,0.264) 0.04486 0.2306 (0.21,0.251) 0.0509 
 
18 0.2497 (0.233,0.267) 0.04248 0.23543 (0.22,0.251) 0.03933 
 
19 0.25789 (0.239,0.277) 0.04682 0.245 (0.221,0.269) 0.0596 
  20 0.2481 (0.227,0.269) 0.0533 0.2418 (0.217,0.267) 0.0627 
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Terms 
K1 Original K2 Original 
Mean 
95% CI for 
Mean 
St Dev Mean 




      
 
DC 0.24179 (0.235,0.249) 0.04671 0.23273 (0.224,0.241) 0.05487 
 
Pulse 0.24116 (0.233,0.25) 0.05396 0.22739 (0.22,0.235) 0.04636 
 
Beam 0.27473 (0.266,0.283) 0.05374 0.26145 (0.252,0.271) 0.06211 
Diameter 
      
 
M6 0.28253 (0.276,0.289) 0.04817 0.27394 (0.268,0.28) 0.04601 
 
M8 0.22207 (0.217,0.227) 0.04052 0.20654 (0.201,0.212) 0.04517 
Nut 
      
 
Flange 0.2685 (0.261,0.276) 0.05558 0.26449 (0.257,0.272) 0.05554 
 
Weld 0.23668 (0.231,0.243) 0.04702 0.21672 (0.211,0.223) 0.04706 
Plate 
      
 
Hot 0.24638 (0.239,0.253) 0.05447 0.23362 (0.227,0.241) 0.05431 




          
Terms 


















0.27224 (0.264,0.28) 0.03642 
 




0.21096 (0.203,0.218) 0.0341 
 




0.28523 (0.277,0.293) 0.03591 
 




0.19709 (0.192,0.203) 0.02525 
 




0.29014 (0.276,0.304) 0.06505 
 




0.25893 (0.252,0.266) 0.03237 
 
0.23731 (0.226,0.249) 0.0514 
Tool*Nut 




0.25586 (0.246,0.266) 0.04427 
 




0.2279 (0.218,0.238) 0.04512 
 




0.25258 (0.241,0.264) 0.05286 
 




0.22974 (0.218,0.241) 0.05293 
 




0.29764 (0.285,0.31) 0.05769 
 




0.2524 (0.244,0.261) 0.03838 
 
0.21913 (0.211,0.228) 0.03839 
Tool*Plate 




0.23283 (0.224,0.242) 0.04128 
 




0.25065 (0.24,0.262) 0.05021 
 




0.2371 (0.225,0.249) 0.05512 
 




0.24522 (0.234,0.257) 0.05281 
 




0.26932 (0.256,0.282) 0.05855 
 




0.28014 (0.269,0.291) 0.04823 
 
0.26915 (0.256,0.283) 0.06068 
Diameter*Nut 




0.29833 (0.289,0.308) 0.05464 
 




0.26673 (0.261,0.273) 0.03422 
 




0.23791 (0.231,0.245) 0.03683 
 




0.20662 (0.2,0.213) 0.03803 
 
0.17924 (0.175,0.184) 0.02585 
Diameter*Plate 




0.27241 (0.263,0.282) 0.05297 
 




0.29266 (0.285,0.3) 0.04059 
 




0.2199 (0.212,0.227) 0.04189 
 




0.22422 (0.217,0.231) 0.03917 
 
0.20966 (0.202,0.218) 0.04494 
Nut*Plate 




0.26548 (0.255,0.276) 0.06009 
 




0.2715 (0.262,0.281) 0.05078 
 




0.22759 (0.22,0.235) 0.04051 
 
0.20809 (0.201,0.215) 0.04139 
  Weld Cold   0.24576 (0.237,0.255) 0.0513 
 




          
Terms 














        
 
DC M6 Flange 
 
0.28106 (0.268,0.294) 0.04058 
 
0.28311 (0.27,0.296) 0.04144 
 
DC M6 Weld 
 
0.26342 (0.254,0.273) 0.02968 
 
0.25619 (0.246,0.267) 0.03367 
 
DC M8 Flange 
 
0.23003 (0.22,0.24) 0.03128 
 
0.22399 (0.213,0.235) 0.0341 
 
DC M8 Weld 
 
0.19238 (0.184,0.2) 0.02559 
 
0.16743 (0.16,0.175) 0.02439 
 
Pulse M6 Flange 
 
0.29385 (0.281,0.306) 0.04077 
 
0.27096 (0.262,0.279) 0.02743 
 
Pulse M6 Weld 
 
0.27661 (0.268,0.285) 0.02824 
 
0.26343 (0.256,0.271) 0.02409 
 
Pulse M8 Flange 
 
0.21132 (0.204,0.218) 0.02248 
 
0.2002 (0.194,0.207) 0.02061 
 
Pulse M8 Weld 
 
0.18286 (0.177,0.189) 0.01927 
 
0.17499 (0.171,0.179) 0.01225 
 
Beam M6 Flange 
 
0.3201 (0.298,0.342) 0.0706 
 
0.32701 (0.309,0.345) 0.0586 
 
Beam M6 Weld 
 
0.26018 (0.247,0.273) 0.04172 
 
0.24296 (0.233,0.253) 0.03086 
 
Beam M8 Flange 
 
0.274 (0.267,0.281) 0.02337 
 
0.28153 (0.273,0.29) 0.02581 
 
Beam M8 Weld 
 
0.24462 (0.234,0.255) 0.03345 
 
0.1953 (0.186,0.204) 0.02947 
Tool*Diameter*Plate 
        
 
DC M6 Hot 
 
0.25692 (0.248,0.265) 0.02746 
 
0.25229 (0.243,0.261) 0.02837 
 
DC M6 Cold 
 
0.28755 (0.276,0.299) 0.0381 
 
0.28701 (0.274,0.3) 0.04241 
 
DC M8 Hot 
 
0.20811 (0.196,0.22) 0.03854 
 
0.19547 (0.181,0.21) 0.04676 
 
DC M8 Cold 
 
0.21374 (0.205,0.223) 0.02937 
 
0.19524 (0.184,0.206) 0.03489 
 
Pulse M6 Hot 
 
0.28016 (0.267,0.293) 0.04119 
 
0.26231 (0.255,0.27) 0.02499 
 
Pulse M6 Cold 
 
0.29029 (0.281,0.299) 0.02936 
 
0.27208 (0.264,0.28) 0.02625 
 
Pulse M8 Hot 
 
0.19404 (0.186,0.202) 0.02557 
 
0.18373 (0.177,0.19) 0.02035 
 
Pulse M8 Cold 
 
0.20014 (0.192,0.208) 0.02488 
 
0.19146 (0.185,0.198) 0.02136 
 
Beam M6 Hot 
 
0.2802 (0.257,0.304) 0.0758 
 
0.2754 (0.254,0.296) 0.0675 
 
Beam M6 Cold 
 
0.30012 (0.284,0.316) 0.05123 
 
0.29453 (0.277,0.312) 0.05712 
 
Beam M8 Hot 
 
0.25821 (0.249,0.268) 0.02987 
 
0.23149 (0.216,0.247) 0.04946 
 
Beam M8 Cold 
 
0.25965 (0.249,0.271) 0.03506 
 
0.24312 (0.226,0.26) 0.05326 
Tool*Nut*Plate 
        
 
DC Flange Hot 
 
0.24963 (0.238,0.261) 0.03585 
 
0.25031 (0.239,0.262) 0.03572 
 
DC Flange Cold 
 
0.21644 (0.204,0.229) 0.03998 
 
0.19883 (0.185,0.213) 0.04455 
 
DC Weld Hot 
 
0.26194 (0.246,0.278) 0.05089 
 
0.25745 (0.24,0.275) 0.05788 
 
DC Weld Cold 
 
0.23935 (0.225,0.254) 0.0475 
 
0.2248 (0.207,0.243) 0.05864 
 
Pulse Flange Hot 
 
0.25036 (0.232,0.269) 0.05902 
 
0.23031 (0.217,0.244) 0.04441 
 
Pulse Flange Cold 
 
0.22384 (0.209,0.239) 0.04806 
 
0.21572 (0.201,0.23) 0.04608 
 
Pulse Weld Hot 
 
0.2548 (0.24,0.269) 0.04655 
 
0.24084 (0.228,0.254) 0.04143 
 
Pulse Weld Cold 
 
0.23563 (0.218,0.253) 0.05739 
 
0.2227 (0.207,0.238) 0.05091 
 
Beam Flange Hot 
 
0.2968 (0.275,0.318) 0.0689 
 
0.29888 (0.282,0.316) 0.05482 
 
Beam Flange Cold 
 
0.24249 (0.234,0.251) 0.02703 
 
0.20973 (0.2,0.219) 0.03113 
 
Beam Weld Hot 
 
0.29843 (0.284,0.312) 0.04462 
 
0.31082 (0.296,0.325) 0.04643 
 
Beam Weld Cold 
 
0.26231 (0.248,0.276) 0.04529 
 
0.22853 (0.215,0.242) 0.04284 
Diameter*Nut*Plate 
        
 
M6 Flange Hot 
 
0.29409 (0.278,0.31) 0.06427 
 
0.28544 (0.273,0.298) 0.05114 
 
M6 Flange Cold 
 
0.30258 (0.292,0.313) 0.04307 
 
0.30194 (0.29,0.314) 0.04824 
 
M6 Weld Hot 
 
0.25074 (0.245,0.257) 0.02396 
 
0.24125 (0.235,0.247) 0.02308 
 
M6 Weld Cold 
 
0.28273 (0.274,0.292) 0.03561 
 




M8 Flange Hot 
 
0.2359 (0.226,0.245) 0.03721 
 
0.23283 (0.222,0.244) 0.0422 
 
M8 Flange Cold 
 
0.23989 (0.231,0.249) 0.03665 
 
0.23622 (0.225,0.248) 0.04529 
 
M8 Weld Hot 
 
0.20444 (0.194,0.215) 0.04058 
 
0.17494 (0.168,0.182) 0.02622 
  M8 Weld Cold   0.2088 (0.2,0.218) 0.03551 
 
0.18354 (0.177,0.19) 0.02496 
          
Terms 














      
 
DC M6 Flange Hot 
 
0.26494 (0.251,0.279) 0.03261 
 
0.26702 (0.254,0.28) 0.0286 
 
DC M6 Flange Cold 
 
0.29718 (0.279,0.316) 0.04206 
 
0.2992 (0.279,0.32) 0.0465 
 
DC M6 Weld Hot 
 
0.24891 (0.241,0.257) 0.0187 
 
0.23756 (0.229,0.246) 0.01943 
 
DC M6 Weld Cold 
 
0.27793 (0.264,0.292) 0.03186 
 
0.27482 (0.26,0.29) 0.03491 
 
DC M8 Flange Hot 
 
0.23352 (0.219,0.248) 0.0325 
 
0.23271 (0.217,0.248) 0.03455 
 
DC M8 Flange Cold 
 
0.22671 (0.213,0.24) 0.03055 
 
0.2157 (0.202,0.23) 0.03234 
 
DC M8 Weld Hot 
 
0.18398 (0.172,0.196) 0.02669 
 
0.16009 (0.15,0.17) 0.02317 
 
DC M8 Weld Cold 
 
0.20078 (0.191,0.21) 0.02198 
 
0.17477 (0.164,0.185) 0.02389 
 
Pulse M6 Flange Hot 
 
0.2945 (0.273,0.316) 0.0491 
 
0.26719 (0.255,0.279) 0.02706 
 
Pulse M6 Flange Cold 
 
0.29324 (0.279,0.307) 0.03157 
 
0.27472 (0.262,0.287) 0.02798 
 
Pulse M6 Weld Hot 
 
0.26587 (0.255,0.277) 0.02528 
 
0.25742 (0.248,0.267) 0.02234 
 
Pulse M6 Weld Cold 
 
0.28735 (0.275,0.299) 0.02747 
 
0.26943 (0.259,0.28) 0.02483 
 
Pulse M8 Flange Hot 
 
0.20627 (0.195,0.217) 0.02536 
 
0.19343 (0.184,0.203) 0.02125 
 
Pulse M8 Flange Cold 
 
0.21636 (0.208,0.224) 0.01847 
 
0.20696 (0.199,0.215) 0.01801 
 
Pulse M8 Weld Hot 
 
0.18181 (0.173,0.19) 0.0196 
 
0.17402 (0.168,0.18) 0.01414 
 
Pulse M8 Weld Cold 
 
0.18391 (0.175,0.192) 0.01938 
 
0.17597 (0.171,0.18) 0.0103 
 
Beam M6 Flange Hot 
 
0.3229 (0.285,0.361) 0.0871 
 
0.3221 (0.293,0.351) 0.0667 
 
Beam M6 Flange Cold 
 
0.3173 (0.295,0.34) 0.0514 
 
0.3319 (0.31,0.354) 0.0505 
 
Beam M6 Weld Hot 
 
0.23745 (0.229,0.246) 0.01907 
 
0.22875 (0.221,0.237) 0.01799 
 
Beam M6 Weld Cold 
 
0.2829 (0.263,0.303) 0.0461 
 
0.25716 (0.242,0.272) 0.03473 
 
Beam M8 Flange Hot 
 
0.26946 (0.26,0.279) 0.02192 
 
0.27442 (0.265,0.284) 0.02043 
 
Beam M8 Flange Cold 
 
0.27853 (0.268,0.29) 0.02447 
 
0.28863 (0.276,0.302) 0.02907 
 
Beam M8 Weld Hot 
 
0.24753 (0.233,0.262) 0.03291 
 
0.1907 (0.178,0.204) 0.03006 
  Beam M8 Weld Cold   0.24171 (0.227,0.257) 0.03459 
 
0.19989 (0.187,0.213) 0.02889 
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Appendix H: Data Summary Table for K1 Translated and K2 Translated 
 
For explanations of the column headers Tool, Diameter, Nut, and Plate, refer to 
table 3.1. The following list summarizes and explains the column headers used in the data 
tables and throughout the data analysis: 
- K1 Translated: the torque coefficient calculated using Translated Force 1, 
explained in section 4.2. 
- K2 Translated: the torque coefficient calculated using Translated Force 2, 
explained in section 4.2. 
Table H.1.  
Data Summary Table for K1 Translated and K2 Translated. 
Terms 
K1 Translated K2 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 




      
 
1 0.17634 (0.164,0.189) 0.03121 0.17042 (0.157,0.184) 0.03436 
 
2 0.17903 (0.167,0.191) 0.03055 0.17627 (0.161,0.192) 0.03902 
 
3 0.1886 (0.168,0.209) 0.0513 0.17972 (0.164,0.195) 0.03889 
 
4 0.17747 (0.165,0.19) 0.03112 0.17001 (0.155,0.185) 0.03777 
 
5 0.17774 (0.165,0.191) 0.03296 0.16712 (0.153,0.182) 0.03644 
 
6 0.17293 (0.159,0.186) 0.03392 0.16806 (0.152,0.185) 0.04128 
 
7 0.18199 (0.168,0.196) 0.03461 0.17159 (0.157,0.187) 0.03731 
 
8 0.178 (0.165,0.191) 0.03199 0.17009 (0.153,0.187) 0.04066 
 
9 0.19072 (0.176,0.206) 0.03773 0.1781 (0.161,0.195) 0.04208 
 
10 0.19598 (0.178,0.214) 0.0441 0.18281 (0.165,0.2) 0.04357 
 
11 0.17321 (0.163,0.183) 0.02502 0.16319 (0.152,0.174) 0.02812 
 
12 0.17902 (0.165,0.193) 0.03603 0.17347 (0.159,0.188) 0.03541 
 
13 0.17663 (0.164,0.189) 0.03035 0.16825 (0.156,0.18) 0.03012 
 
14 0.17793 (0.168,0.188) 0.02521 0.17494 (0.161,0.189) 0.03399 
 
15 0.18787 (0.173,0.202) 0.03636 0.18032 (0.167,0.193) 0.03281 
 
16 0.1763 (0.164,0.189) 0.03085 0.16821 (0.157,0.179) 0.02753 
 
17 0.17556 (0.164,0.187) 0.02788 0.16571 (0.153,0.179) 0.03227 
 
18 0.17878 (0.168,0.189) 0.02629 0.16921 (0.159,0.179) 0.02433 
 
19 0.18407 (0.172,0.196) 0.02916 0.17541 (0.161,0.19) 0.03726 




        
        
Terms 
K1 Translated K2 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 




      
 
DC 0.17288 (0.168,0.177) 0.02865 0.16671 (0.161,0.172) 0.03419 
 
Pulse 0.17326 (0.168,0.178) 0.03323 0.16439 (0.16,0.169) 0.02854 
 
Beam 0.1949 (0.19,0.2) 0.03349 0.186 (0.18,0.192) 0.03947 
Diameter 
      
 
M6 0.19642 (0.193,0.2) 0.03071 0.19115 (0.187,0.195) 0.02941 
 
M8 0.16398 (0.16,0.168) 0.02768 0.15325 (0.149,0.157) 0.03091 
Nut 
      
 
Flange 0.19089 (0.187,0.195) 0.03406 0.18832 (0.184,0.193) 0.03444 
 
Weld 0.16984 (0.166,0.174) 0.0293 0.15652 (0.153,0.16) 0.02915 
Plate 
      
 
Hot 0.17625 (0.172,0.181) 0.03406 0.16781 (0.163,0.172) 0.0343 




        
Terms 
K1 Translated K2 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 




      
 
DC M6 0.18944 (0.184,0.195) 0.02327 0.18776 (0.182,0.193) 0.02545 
 
DC M8 0.15612 (0.151,0.161) 0.02342 0.1454 (0.139,0.152) 0.02824 
 
Pulse M6 0.19916 (0.194,0.204) 0.02356 0.18801 (0.184,0.192) 0.01717 
 
Pulse M8 0.14736 (0.144,0.151) 0.01758 0.14077 (0.138,0.144) 0.01463 
 
Beam M6 0.20066 (0.192,0.21) 0.041 0.19769 (0.189,0.206) 0.04011 
 
Beam M8 0.18899 (0.184,0.194) 0.02218 0.17402 (0.166,0.182) 0.03519 
Tool*Nut 
      
 
DC Flange 0.18231 (0.176,0.188) 0.02695 0.18099 (0.175,0.187) 0.02934 
 
DC Weld 0.16357 (0.158,0.17) 0.02734 0.1526 (0.145,0.16) 0.0329 
 
Pulse Flange 0.18089 (0.174,0.188) 0.03217 0.16985 (0.164,0.176) 0.02613 
 
Pulse Weld 0.16562 (0.158,0.173) 0.03271 0.15893 (0.152,0.165) 0.02994 
 
Beam Flange 0.20984 (0.202,0.218) 0.03485 0.21469 (0.208,0.222) 0.03079 
 
Beam Weld 0.18033 (0.175,0.186) 0.0247 0.15804 (0.153,0.163) 0.02383 
Tool*Plate 
      
 
DC Hot 0.16704 (0.161,0.173) 0.02571 0.1612 (0.155,0.168) 0.03031 
 
DC Cold 0.17865 (0.172,0.185) 0.03035 0.17215 (0.164,0.18) 0.03702 
 
Pulse Hot 0.17043 (0.163,0.178) 0.03403 0.16137 (0.155,0.168) 0.02798 
 
Pulse Cold 0.17609 (0.169,0.183) 0.03238 0.16741 (0.161,0.174) 0.02895 
 
Beam Hot 0.19135 (0.183,0.199) 0.03661 0.18094 (0.172,0.19) 0.04004 
 
Beam Cold 0.19845 (0.192,0.205) 0.02986 0.19107 (0.183,0.2) 0.03849 
Diameter*Nut 
      
 
M6 Flange 0.20645 (0.2,0.213) 0.03456 0.20372 (0.198,0.209) 0.03181 
 
M6 Weld 0.18639 (0.182,0.19) 0.02229 0.17859 (0.175,0.182) 0.02017 
 
M8 Flange 0.17494 (0.17,0.179) 0.02505 0.17253 (0.167,0.178) 0.02963 
 
M8 Weld 0.15329 (0.149,0.158) 0.02597 0.13446 (0.131,0.138) 0.01781 
Diameter*Plate 
      
 
M6 Hot 0.18976 (0.184,0.196) 0.03367 0.18426 (0.179,0.189) 0.02905 
 
M6 Cold 0.20308 (0.198,0.208) 0.0259 0.19804 (0.193,0.203) 0.02824 
 
M8 Hot 0.16251 (0.157,0.168) 0.02863 0.15108 (0.145,0.157) 0.03107 
 
M8 Cold 0.16544 (0.161,0.17) 0.02675 0.15541 (0.15,0.161) 0.03072 
Nut*Plate 
      
 
Flange Hot 0.18883 (0.182,0.196) 0.03699 0.18507 (0.179,0.191) 0.03342 
 
Flange Cold 0.19293 (0.187,0.198) 0.0309 0.19155 (0.185,0.198) 0.03526 
 
Weld Hot 0.16387 (0.159,0.168) 0.02557 0.15084 (0.146,0.155) 0.02569 




        
Terms 
K1 Translated K2 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 




      
 
DC M6 Flange 0.19508 (0.187,0.203) 0.02582 0.19641 (0.188,0.205) 0.0263 
 
DC M6 Weld 0.18379 (0.178,0.19) 0.01909 0.1791 (0.172,0.186) 0.02161 
 
DC M8 Flange 0.16921 (0.162,0.176) 0.02142 0.16518 (0.158,0.173) 0.02347 
 
DC M8 Weld 0.14335 (0.138,0.149) 0.01764 0.12611 (0.121,0.131) 0.01687 
 
Pulse M6 Flange 0.20451 (0.196,0.213) 0.02665 0.19019 (0.185,0.196) 0.0182 
 
Pulse M6 Weld 0.19381 (0.188,0.2) 0.01886 0.18584 (0.181,0.191) 0.01602 
 
Pulse M8 Flange 0.15728 (0.152,0.162) 0.01557 0.14951 (0.145,0.154) 0.01425 
 
Pulse M8 Weld 0.13744 (0.133,0.142) 0.01347 0.13202 (0.129,0.135) 0.00858 
 
Beam M6 Flange 0.21974 (0.206,0.233) 0.04415 0.22456 (0.213,0.236) 0.0371 
 
Beam M6 Weld 0.18157 (0.173,0.19) 0.02663 0.17082 (0.165,0.177) 0.02004 
 
Beam M8 Flange 0.19941 (0.194,0.204) 0.01594 0.2043 (0.199,0.21) 0.01749 
 
Beam M8 Weld 0.17909 (0.172,0.186) 0.02288 0.14525 (0.139,0.152) 0.02032 
Tool*Diameter*Plate 
      
 
DC M6 Hot 0.1796 (0.174,0.185) 0.01764 0.17661 (0.171,0.182) 0.01832 
 
DC M6 Cold 0.19928 (0.192,0.207) 0.02423 0.1989 (0.191,0.207) 0.02687 
 
DC M8 Hot 0.15415 (0.146,0.162) 0.02647 0.1454 (0.135,0.155) 0.03216 
 
DC M8 Cold 0.15803 (0.152,0.164) 0.02016 0.1454 (0.138,0.153) 0.02422 
 
Pulse M6 Hot 0.19563 (0.187,0.204) 0.02699 0.18468 (0.18,0.19) 0.01653 
 
Pulse M6 Cold 0.20269 (0.197,0.209) 0.01926 0.19135 (0.186,0.197) 0.01736 
 
Pulse M8 Hot 0.14523 (0.14,0.151) 0.01775 0.13806 (0.134,0.142) 0.01406 
 
Pulse M8 Cold 0.14948 (0.144,0.155) 0.01736 0.14348 (0.139,0.148) 0.01486 
 
Beam M6 Hot 0.19404 (0.179,0.209) 0.04754 0.1915 (0.178,0.205) 0.04303 
 
Beam M6 Cold 0.20728 (0.197,0.217) 0.03249 0.20388 (0.193,0.215) 0.03645 
 
Beam M8 Hot 0.18858 (0.182,0.195) 0.02039 0.17011 (0.159,0.181) 0.03394 
 
Beam M8 Cold 0.1894 (0.182,0.197) 0.02409 0.17793 (0.167,0.189) 0.03642 
Tool*Nut*Plate 
      
 
DC Flange Hot 0.17836 (0.171,0.185) 0.02228 0.1788 (0.172,0.186) 0.02217 
 
DC Flange Cold 0.156 (0.149,0.163) 0.02419 0.14405 (0.136,0.153) 0.02732 
 
DC Weld Hot 0.18616 (0.177,0.196) 0.03064 0.18313 (0.172,0.194) 0.03513 
 
DC Weld Cold 0.17115 (0.162,0.18) 0.02849 0.16116 (0.15,0.172) 0.03599 
 
Pulse Flange Hot 0.17925 (0.168,0.191) 0.03637 0.16616 (0.158,0.175) 0.02705 
 
Pulse Flange Cold 0.1616 (0.152,0.171) 0.02939 0.15657 (0.148,0.165) 0.0284 
 
Pulse Weld Hot 0.18254 (0.174,0.191) 0.02772 0.17354 (0.166,0.181) 0.02496 
 
Pulse Weld Cold 0.16964 (0.159,0.181) 0.03564 0.16129 (0.152,0.171) 0.03158 
 
Beam Flange Hot 0.20913 (0.196,0.222) 0.04157 0.21072 (0.2,0.221) 0.03323 
 
Beam Flange Cold 0.174 (0.168,0.18) 0.01929 0.1519 (0.146,0.158) 0.01944 
 
Beam Weld Hot 0.21054 (0.202,0.219) 0.02705 0.21866 (0.21,0.227) 0.02801 
 
Beam Weld Cold 0.18666 (0.178,0.195) 0.02795 0.16418 (0.156,0.172) 0.02636 
Diameter*Nut*Plate 
      
 
M6 Flange Hot 0.20358 (0.193,0.214) 0.04055 0.19835 (0.19,0.207) 0.0325 
 
M6 Flange Cold 0.20932 (0.202,0.216) 0.02735 0.20908 (0.201,0.217) 0.03043 
 
M6 Weld Hot 0.17594 (0.172,0.18) 0.01595 0.17017 (0.166,0.174) 0.01555 
 
M6 Weld Cold 0.19685 (0.191,0.203) 0.02293 0.18701 (0.182,0.192) 0.02085 
 
M8 Flange Hot 0.17358 (0.167,0.18) 0.02533 0.17132 (0.164,0.179) 0.02865 
 




M8 Weld Hot 0.1518 (0.145,0.159) 0.02772 0.13151 (0.127,0.136) 0.01814 
  M8 Weld Cold 0.15479 (0.149,0.161) 0.02424 0.13741 (0.133,0.142) 0.01712 
        
Terms 
K1 Translated K2 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 




     
 
DC M6 Flange Hot 0.18477 (0.176,0.194) 0.02086 0.18615 (0.178,0.194) 0.01839 
 
DC M6 Flange Cold 0.2054 (0.194,0.217) 0.02664 0.20667 (0.194,0.22) 0.02932 
 
DC M6 Weld Hot 0.17443 (0.169,0.18) 0.01214 0.16708 (0.162,0.173) 0.01262 
 
DC M6 Weld Cold 0.19315 (0.184,0.202) 0.02041 0.19112 (0.181,0.201) 0.02226 
 
DC M8 Flange Hot 0.17162 (0.162,0.182) 0.02226 0.17107 (0.16,0.182) 0.02361 
 
DC M8 Flange Cold 0.16692 (0.158,0.176) 0.02092 0.1596 (0.15,0.169) 0.0225 
 
DC M8 Weld Hot 0.13756 (0.13,0.146) 0.01838 0.12102 (0.114,0.128) 0.01601 
 
DC M8 Weld Cold 0.14915 (0.143,0.156) 0.01517 0.1312 (0.124,0.138) 0.01653 
 
Pulse M6 Flange Hot 0.20474 (0.191,0.219) 0.03225 0.18756 (0.18,0.195) 0.01798 
 
Pulse M6 Flange Cold 0.20428 (0.195,0.213) 0.02045 0.19282 (0.185,0.201) 0.01849 
 
Pulse M6 Weld Hot 0.18651 (0.179,0.194) 0.01675 0.18179 (0.175,0.188) 0.01483 
 
Pulse M6 Weld Cold 0.2011 (0.193,0.209) 0.01837 0.18988 (0.183,0.197) 0.0165 
 
Pulse M8 Flange Hot 0.15376 (0.146,0.161) 0.01753 0.14476 (0.138,0.151) 0.01464 
 
Pulse M8 Flange Cold 0.1608 (0.155,0.166) 0.01282 0.15426 (0.149,0.16) 0.01244 
 
Pulse M8 Weld Hot 0.1367 (0.131,0.143) 0.01364 0.13135 (0.127,0.136) 0.00984 
 
Pulse M8 Weld Cold 0.13817 (0.132,0.144) 0.01361 0.13269 (0.129,0.136) 0.00729 
 
Beam M6 Flange Hot 0.2212 (0.197,0.245) 0.0541 0.22136 (0.203,0.24) 0.04221 
 
Beam M6 Flange 
Cold 
0.21827 (0.204,0.233) 0.03267 0.22776 (0.214,0.242) 0.03198 
 
Beam M6 Weld Hot 0.16687 (0.161,0.172) 0.01245 0.16163 (0.156,0.167) 0.01194 
 
Beam M6 Weld Cold 0.19628 (0.184,0.209) 0.02906 0.18001 (0.17,0.19) 0.02246 
 
Beam M8 Flange Hot 0.19641 (0.19,0.203) 0.0149 0.19953 (0.193,0.206) 0.01387 
 
Beam M8 Flange 
Cold 
0.2024 (0.195,0.21) 0.01678 0.20908 (0.2,0.218) 0.0197 
 
Beam M8 Weld Hot 0.18114 (0.171,0.191) 0.0224 0.14216 (0.133,0.151) 0.02083 




Appendix I: Data Summary Table for Inv K1 Original and Inv K1 Translated 
 
For explanations of the column headers Tool, Diameter, Nut, and Plate, refer to 
table 3.1. The following list summarizes and explains the column headers used in the data 
tables and throughout the data analysis: 
- Inv K1 Original: the inverse of K1 original, or 1 / K1 Original, explained 
in section 4.3. 
- Inv K1 Translated: the inverse of K1 Translated, or 1 / K1 Translated, 
explained in section 4.3. 
Table I.1.  
Data Summary Table for Inv K1 Original and Inv K1 Translated. 
Terms 
Inv K1 Original Inv K1 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 






       
 
1 4.235 (3.872,4.598) 0.908 5.852 (5.417,6.287) 1.086 
 
 
2 4.146 (3.807,4.485) 0.85 5.746 (5.344,6.148) 1.003 
 
 
3 4.047 (3.649,4.445) 0.992 5.607 (5.121,6.093) 1.217 
 
 
4 4.203 (3.823,4.583) 0.95 5.821 (5.37,6.272) 1.128 
 
 
5 4.22 (3.824,4.616) 0.988 5.832 (5.36,6.304) 1.181 
 
 
6 4.349 (3.949,4.749) 0.997 6.001 (5.527,6.475) 1.187 
 
 
7 4.119 (3.727,4.511) 0.981 5.704 (5.236,6.172) 1.17 
 
 
8 4.172 (3.804,4.54) 0.881 5.789 (5.356,6.222) 1.039 
 
 
9 3.919 (3.543,4.295) 0.94 5.448 (4.993,5.903) 1.138 
 
 
10 3.818 (3.471,4.165) 0.866 5.319 (4.902,5.736) 1.041 
 
 
11 4.265 (3.963,4.567) 0.756 5.895 (5.538,6.252) 0.892 
 
 
12 4.18 (3.815,4.545) 0.913 5.785 (5.346,6.224) 1.098 
 
 
13 4.208 (3.865,4.551) 0.859 5.828 (5.412,6.244) 1.038 
 
 
14 4.131 (3.851,4.411) 0.702 5.731 (5.4,6.062) 0.826 
 
 
15 3.94 (3.638,4.242) 0.753 5.493 (5.117,5.869) 0.941 
 
 
16 4.221 (3.868,4.574) 0.881 5.846 (5.425,6.267) 1.053 
 
 
17 4.206 (3.902,4.51) 0.745 5.827 (5.468,6.186) 0.879 
 
 
18 4.128 (3.818,4.438) 0.773 5.719 (5.354,6.084) 0.909 
 
 
19 4.018 (3.689,4.347) 0.825 5.58 (5.184,5.976) 0.988 
 
  20 4.199 (3.858,4.54) 0.853 5.811 (5.405,6.217) 1.015 
 
         
209 
 
         
Terms 
Inv K1 Original Inv K1 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 






       
 
DC 4.2925 (4.161,4.424) 0.8446 5.944 (5.789,6.099) 0.9962 5.945 
 
Pulse 4.356 (4.206,4.506) 0.9702 5.9831 (5.807,6.16) 1.138 5.983 
 
Beam 3.7554 (3.658,3.852) 0.6227 5.2619 (5.138,5.386) 0.7946 5.259 
Diameter 
       
 
M6 3.6249 (3.559,3.691) 0.5194 5.1969 (5.109,5.285) 0.697 5.197 
 
M8 4.6534 (4.546,4.761) 0.8416 6.2722 (6.139,6.406) 1.0497 6.261 
Nut 
       
 
Flange 3.871 (3.776,3.966) 0.7485 5.3926 (5.278,5.507) 0.9013 5.392 
 
Weld 4.3975 (4.284,4.511) 0.8974 6.0655 (5.931,6.2) 1.0595 6.066 
Plate 
       
 
Hot 4.24 (4.128,4.352) 0.8794 5.8675 (5.733,6.002) 1.0585 5.865 




         
Terms 
Inv K1 Original Inv K1 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 






       
 
DC M6 3.7305 (3.634,3.827) 0.4385 5.3488 (5.221,5.477) 0.584 5.349 
 
DC M8 4.8617 (4.691,5.032) 0.7733 6.547 (6.333,6.761) 0.966 6.540 
 
Pulse M6 3.5559 (3.466,3.646) 0.4097 5.0847 (4.963,5.206) 0.5541 5.085 
 
Pulse M8 5.156 (5.012,5.3) 0.6559 6.8815 (6.703,7.06) 0.8154 6.881 
 
Beam M6 3.5883 (3.443,3.733) 0.6621 5.1572 (4.963,5.351) 0.8854 5.157 
 
Beam M8 3.9268 (3.809,4.045) 0.531 5.3692 (5.219,5.52) 0.6784 5.361 
Tool*Nut 
       
 
DC Flange 4.0202 (3.871,4.17) 0.6779 5.5998 (5.422,5.778) 0.8061 5.605 
 
DC Weld 4.561 (4.361,4.761) 0.909 6.284 (6.053,6.515) 1.053 6.284 
 
Pulse Flange 4.1245 (3.944,4.305) 0.8257 5.693 (5.481,5.905) 0.966 5.693 
 
Pulse Weld 4.587 (4.358,4.816) 1.051 6.273 (6.004,6.542) 1.226 6.273 
 
Beam Flange 3.4597 (3.34,3.579) 0.5398 4.8744 (4.723,5.026) 0.6816 4.879 
 
Beam Weld 4.0438 (3.921,4.167) 0.5622 5.6397 (5.483,5.796) 0.7136 5.640 
Tool*Plate 
       
 
DC Hot 4.4398 (4.252,4.627) 0.8495 6.135 (5.915,6.355) 0.999 6.134 
 
DC Cold 4.1471 (3.968,4.327) 0.8192 5.755 (5.543,5.967) 0.962 5.755 
 
Pulse Hot 4.436 (4.22,4.652) 0.988 6.089 (5.836,6.342) 1.157 6.089 
 
Pulse Cold 4.276 (4.068,4.484) 0.952 5.878 (5.633,6.123) 1.116 5.878 
 
Beam Hot 3.8416 (3.702,3.981) 0.6318 5.3757 (5.194,5.558) 0.8255 5.372 
 
Beam Cold 3.6693 (3.536,3.803) 0.6051 5.148 (4.983,5.313) 0.7505 5.146 
Diameter*Nut 
       
 
M6 Flange 3.4461 (3.351,3.542) 0.5338 4.9599 (4.832,5.088) 0.7162 4.960 
 
M6 Weld 3.8037 (3.725,3.882) 0.4385 5.434 (5.328,5.54) 0.5911 5.434 
 
M8 Flange 4.3067 (4.183,4.431) 0.6851 5.8364 (5.681,5.992) 0.8569 5.825 
 
M8 Weld 4.9913 (4.84,5.142) 0.8449 6.697 (6.509,6.885) 1.0492 6.697 
Diameter*Plate 
       
 
M6 Hot 3.7737 (3.675,3.873) 0.5544 5.3968 (5.264,5.53) 0.7449 5.397 
 
M6 Cold 3.4761 (3.398,3.554) 0.4355 4.997 (4.893,5.101) 0.5832 4.997 
 
M8 Hot 4.7142 (4.553,4.876) 0.8966 6.346 (6.144,6.548) 1.117 6.333 
 
M8 Cold 4.593 (4.452,4.734) 0.7823 6.1989 (6.023,6.375) 0.9781 6.189 
Nut*Plate 
       
 
Flange Hot 3.9312 (3.79,4.073) 0.7837 5.4713 (5.3,5.643) 0.9517 5.473 
 
Flange Cold 3.8112 (3.684,3.939) 0.7102 5.3145 (5.163,5.466) 0.8452 5.312 
 
Weld Hot 4.5437 (4.389,4.699) 0.8652 6.257 (6.075,6.439) 1.0159 6.257 




         
Terms 
Inv K1 Original Inv K1 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 






       
 
DC M6 Flange 3.622 (3.479,3.765) 0.4605 5.2043 (5.014,5.394) 0.6135 5.204 
 
DC M6 Weld 3.8389 (3.718,3.96) 0.3917 5.4933 (5.332,5.655) 0.5213 5.493 
 
DC M8 Flange 4.4286 (4.233,4.624) 0.6226 6.005 (5.76,6.25) 0.784 6.006 
 
DC M8 Weld 5.284 (5.076,5.492) 0.669 7.074 (6.817,7.331) 0.831 7.074 
 
Pulse M6 Flange 3.4626 (3.323,3.603) 0.4515 4.9654 (4.776,5.154) 0.6099 4.965 
 
Pulse M6 Weld 3.6492 (3.543,3.756) 0.344 5.2041 (5.058,5.35) 0.4699 5.204 
 
Pulse M8 Flange 4.7864 (4.623,4.95) 0.5278 6.421 (6.217,6.625) 0.657 6.421 
 
Pulse M8 Weld 5.5256 (5.352,5.699) 0.5592 7.342 (7.126,7.558) 0.693 7.342 
 
Beam M6 Flange 3.2535 (3.062,3.445) 0.6192 4.71 (4.453,4.967) 0.832 4.710 
 
Beam M6 Weld 3.9231 (3.761,4.086) 0.5241 5.605 (5.389,5.821) 0.697 5.605 
 
Beam M8 Flange 3.6768 (3.572,3.781) 0.3283 5.0476 (4.914,5.182) 0.422 5.047 
 
Beam M8 Weld 4.1644 (3.985,4.344) 0.5794 5.675 (5.446,5.904) 0.737 5.675 
Tool*Diameter*Plate 
       
 
DC M6 Hot 3.9292 (3.818,4.04) 0.3587 5.6131 (5.465,5.761) 0.4772 5.613 
 
DC M6 Cold 3.5317 (3.4,3.663) 0.4242 5.0845 (4.909,5.26) 0.5656 5.085 
 
DC M8 Hot 4.964 (4.684,5.244) 0.891 6.671 (6.322,7.02) 1.111 6.655 
 
DC M8 Cold 4.762 (4.566,4.958) 0.635 6.426 (6.179,6.673) 0.796 6.426 
 
Pulse M6 Hot 3.6344 (3.49,3.778) 0.4649 5.1942 (5,5.388) 0.627 5.194 
 
Pulse M6 Cold 3.4775 (3.374,3.581) 0.3336 4.9753 (4.835,5.115) 0.452 4.975 
 
Pulse M8 Hot 5.238 (5.032,5.444) 0.664 6.983 (6.728,7.238) 0.824 6.983 
 
Pulse M8 Cold 5.074 (4.874,5.274) 0.645 6.78 (6.531,7.029) 0.804 6.780 
 
Beam M6 Hot 3.758 (3.529,3.987) 0.74 5.383 (5.075,5.691) 0.991 5.383 
 
Beam M6 Cold 3.419 (3.255,3.583) 0.5301 4.931 (4.711,5.151) 0.708 4.931 
 
Beam M8 Hot 3.9276 (3.773,4.082) 0.4916 5.368 (5.172,5.564) 0.625 5.362 
 
Beam M8 Cold 3.9261 (3.746,4.106) 0.5741 5.37 (5.139,5.601) 0.736 5.360 
Tool*Nut*Plate 
       
 
DC Flange Hot 4.0859 (3.901,4.271) 0.5898 5.691 (5.47,5.912) 0.707 5.699 
 
DC Flange Cold 4.785 (4.499,5.071) 0.926 5.511 (5.235,5.787) 0.893 5.511 
 
DC Weld Hot 3.956 (3.721,4.191) 0.756 6.569 (6.242,6.896) 1.058 6.569 
 
DC Weld Cold 4.338 (4.075,4.601) 0.844 5.999 (5.695,6.303) 0.979 5.999 
 
Pulse Flange Hot 4.199 (3.911,4.487) 0.929 5.788 (5.449,6.127) 1.097 5.788 
 
Pulse Flange Cold 4.673 (4.363,4.983) 0.999 5.598 (5.345,5.851) 0.817 5.598 
 
Pulse Weld Hot 4.05 (3.829,4.271) 0.712 6.389 (6.032,6.746) 1.151 6.389 
 
Pulse Weld Cold 4.502 (4.159,4.845) 1.106 6.157 (5.753,6.561) 1.301 6.157 
 
Beam Flange Hot 3.5013 (3.311,3.692) 0.6065 4.927 (4.684,5.17) 0.771 4.931 
 
Beam Flange Cold 4.1733 (4.031,4.316) 0.4596 4.8221 (4.639,5.005) 0.5838 4.826 
 
Beam Weld Hot 3.4182 (3.271,3.565) 0.4679 5.8135 (5.621,6.006) 0.6206 5.813 
 
Beam Weld Cold 3.9142 (3.72,4.109) 0.6281 5.466 (5.229,5.703) 0.765 5.466 
Diameter*Nut*Plate 
       
 
M6 Flange Hot 3.526 (3.373,3.679) 0.6054 5.067 (4.861,5.273) 0.814 5.067 
 
M6 Flange Cold 3.3661 (3.254,3.478) 0.4419 4.8527 (4.703,5.002) 0.5906 4.853 
 




M6 Weld Cold 3.586 (3.484,3.688) 0.4034 5.1414 (5.004,5.279) 0.5431 5.141 
 
M8 Flange Hot 4.3503 (4.163,4.538) 0.7279 5.889 (5.656,6.122) 0.907 5.879 
 
M8 Flange Cold 4.2639 (4.1,4.428) 0.6436 5.784 (5.578,5.99) 0.808 5.771 
 
M8 Weld Hot 5.066 (4.837,5.295) 0.909 6.787 (6.501,7.073) 1.129 6.787 
  M8 Weld Cold 4.917 (4.721,5.113) 0.776 6.607 (6.364,6.85) 0.964 6.607 
         
Terms 
Inv K1 Original Inv K1 Translated 
Mean 
95% CI for 
Mean 
St Dev Mean 






      
 
DC M6 Flange Hot 3.8204 (3.647,3.994) 0.3962 5.468 (5.237,5.699) 0.527 5.468 
 
DC M6 Flange Cold 3.4236 (3.23,3.617) 0.442 4.94 (4.681,5.199) 0.59 4.940 
 
DC M6 Weld Hot 4.0379 (3.912,4.164) 0.2868 5.758 (5.591,5.925) 0.3808 5.758 
 
DC M6 Weld Cold 3.6399 (3.471,3.809) 0.3864 5.229 (5.004,5.454) 0.515 5.229 
 
DC M8 Flange Hot 4.365 (4.077,4.653) 0.639 5.925 (5.562,6.288) 0.805 5.930 
 
DC M8 Flange Cold 4.489 (4.219,4.759) 0.617 6.082 (5.743,6.421) 0.776 6.082 
 
DC M8 Weld Hot 5.532 (5.222,5.842) 0.708 7.38 (6.996,7.764) 0.878 7.380 
 
DC M8 Weld Cold 5.036 (4.801,5.271) 0.537 6.769 (6.475,7.063) 0.671 6.769 
 
Pulse M6 Flange Hot 3.479 (3.242,3.716) 0.542 4.991 (4.67,5.312) 0.733 4.991 
 
Pulse M6 Flange Cold 3.4461 (3.292,3.601) 0.3525 4.94 (4.732,5.148) 0.474 4.940 
 
Pulse M6 Weld Hot 3.7895 (3.651,3.928) 0.3151 5.3978 (5.211,5.585) 0.4268 5.398 
 
Pulse M6 Weld Cold 3.5089 (3.369,3.649) 0.3197 5.0104 (4.818,5.202) 0.4382 5.010 
 
Pulse M8 Flange Hot 4.92 (4.648,5.192) 0.62 6.586 (6.249,6.923) 0.77 6.586 
 
Pulse M8 Flange Cold 4.6531 (4.484,4.823) 0.387 6.256 (6.044,6.468) 0.485 6.256 
 
Pulse M8 Weld Hot 5.556 (5.313,5.799) 0.555 7.38 (7.08,7.68) 0.685 7.380 
 
Pulse M8 Weld Cold 5.495 (5.242,5.748) 0.576 7.304 (6.99,7.618) 0.717 7.304 
 
Beam M6 Flange Hot 3.278 (2.959,3.597) 0.727 4.742 (4.313,5.171) 0.977 4.742 
 
Beam M6 Flange Cold 3.229 (3.008,3.45) 0.507 4.677 (4.379,4.975) 0.68 4.677 
 
Beam M6 Weld Hot 4.2368 (4.09,4.384) 0.3355 6.0241 (5.83,6.218) 0.443 6.024 
 
Beam M6 Weld Cold 3.609 (3.393,3.825) 0.494 5.185 (4.897,5.473) 0.656 5.185 
 
Beam M8 Flange Hot 3.7359 (3.59,3.881) 0.3236 5.1209 (4.935,5.307) 0.4129 5.121 
 
Beam M8 Flange Cold 3.6177 (3.469,3.766) 0.3308 4.9742 (4.781,5.167) 0.4291 4.974 
 
Beam M8 Weld Hot 4.11 (3.865,4.355) 0.559 5.603 (5.293,5.913) 0.708 5.603 
  Beam M8 Weld Cold 4.219 (3.952,4.486) 0.608 5.747 (5.406,6.088) 0.777 5.747 
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Appendix J: Data Summary Table with Fitted Values for K1 – K2 Translated and 
K1 / K2 Translated 
 
For explanations of the column headers Tool, Diameter, Nut, and Plate, refer to 
table 3.1. The following list summarizes and explains the column headers used in the data 
tables and throughout the data analysis: 
- K1 – K2 Translated: the subtraction of K2 Translated from K1 Translated 
explained in section 4.4. 
- K1 / K2 Translated: the ratio between K1 Translated and K2 Translated 
explained in section 4.4. 
Table J.1.  
Data Summary Table with Fitted Values for K1 – K2 Translated and K1 / K2 Translated. 
Terms 
K1 - K2 Translated K1 / K2 Translated 
Mean 












       
 
1 0.006 (0.001,0.011) 0.013 1.043 (1.011,1.074) 0.080 
 
 
2 0.003 (-0.005,0.011) 0.019 1.031 (0.987,1.074) 0.109 
 
 
3 0.009 (-0.003,0.021) 0.031 1.049 (0.99,1.108) 0.148 
 
 
4 0.007 (-0.002,0.017) 0.023 1.059 (1.01,1.108) 0.124 
 
 
5 0.011 (0.004,0.017) 0.017 1.074 (1.03,1.117) 0.109 
 
 
6 0.005 (-0.001,0.011) 0.015 1.043 (1.003,1.082) 0.099 
 
 
7 0.010 (0.003,0.017) 0.017 1.071 (1.025,1.116) 0.114 
 
 
8 0.008 (0,0.015) 0.018 1.064 (1.015,1.112) 0.115 
 
 
9 0.013 (0.005,0.02) 0.019 1.090 (1.031,1.148) 0.146 
 
 
10 0.013 (0.004,0.022) 0.023 1.084 (1.032,1.136) 0.129 
 
 
11 0.010 (0.004,0.016) 0.014 1.070 (1.032,1.108) 0.095 
 
 
12 0.006 (-0.006,0.017) 0.029 1.045 (0.983,1.106) 0.154 
 
 
13 0.008 (0.001,0.015) 0.018 1.056 (1.016,1.096) 0.101 
 
 
14 0.003 (-0.005,0.011) 0.021 1.033 (0.981,1.086) 0.130 
 
 
15 0.008 (-0.005,0.02) 0.031 1.054 (0.979,1.128) 0.186 
 
 
16 0.008 (0.002,0.014) 0.015 1.050 (1.016,1.083) 0.083 
 
 
17 0.010 (0,0.02) 0.024 1.078 (1.013,1.142) 0.158 
 
 
18 0.010 (0.004,0.016) 0.015 1.060 (1.023,1.097) 0.092 
 
 
19 0.009 (0,0.018) 0.022 1.066 (1.018,1.114) 0.120 
 
  20 0.004 (-0.002,0.011) 0.016 1.035 (1,1.07) 0.087   
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Terms 
K1 - K2 Translated K1 / K2 Translated 
Mean 












       
 
DC 0.006 (0.004,0.009) 0.016 1.050 (1.034,1.067) 0.107 1.050 
 
Pulse 0.009 (0.006,0.011) 0.017 1.055 (1.04,1.069) 0.091 1.055 
 
Beam 0.009 (0.005,0.013) 0.027 1.068 (1.044,1.092) 0.155 1.067 
Diameter 
       
 
M6 0.005 (0.002,0.008) 0.023 1.033 (1.019,1.048) 0.114 1.033 
 
M8 0.011 (0.008,0.013) 0.018 1.082 (1.066,1.098) 0.123 1.081 
Nut 
       
 
Flange 0.003 (0,0.005) 0.021 1.021 (1.007,1.034) 0.106 1.020 
 
Weld 0.013 (0.011,0.016) 0.018 1.094 (1.078,1.11) 0.124 1.094 
Plate 
       
 
Hot 0.008 (0.006,0.011) 0.021 1.061 (1.045,1.076) 0.124 1.060 




         
Terms 
K1 - K2 Translated K1 / K2 Translated 
Mean 












       
 
DC M6 0.002 (-0.002,0.005) 0.015 1.013 (0.996,1.03) 0.076 1.013 
 
DC M8 0.011 (0.007,0.014) 0.016 1.088 (1.061,1.114) 0.120 1.087 
 
Pulse M6 0.011 (0.006,0.016) 0.021 1.062 (1.038,1.087) 0.111 1.062 
 
Pulse M8 0.007 (0.005,0.009) 0.009 1.047 (1.032,1.062) 0.066 1.047 
 
Beam M6 0.003 (-0.003,0.009) 0.029 1.025 (0.994,1.055) 0.141 1.025 
 
Beam M8 0.015 (0.01,0.02) 0.024 1.112 (1.077,1.147) 0.157 1.109 
Tool*Nut 
       
 
DC Flange 0.001 (-0.002,0.005) 0.016 1.013 (0.994,1.033) 0.089 1.014 
 
DC Weld 0.011 (0.008,0.014) 0.015 1.087 (1.062,1.111) 0.111 1.087 
 
Pulse Flange 0.011 (0.007,0.015) 0.019 1.066 (1.044,1.089) 0.102 1.066 
 
Pulse Weld 0.007 (0.004,0.01) 0.013 1.043 (1.026,1.06) 0.077 1.043 
 
Beam Flange -0.005 (-0.01,0.001) 0.025 0.981 (0.957,1.005) 0.108 0.981 
 
Beam Weld 0.022 (0.018,0.027) 0.022 1.153 (1.12,1.185) 0.147 1.153 
Tool*Plate 
       
 
DC Hot 0.006 (0.003,0.009) 0.015 1.048 (1.025,1.07) 0.101 1.047 
 
DC Cold 0.007 (0.003,0.01) 0.018 1.053 (1.028,1.078) 0.113 1.053 
 
Pulse Hot 0.009 (0.005,0.013) 0.018 1.056 (1.036,1.077) 0.094 1.056 
 
Pulse Cold 0.009 (0.005,0.012) 0.016 1.053 (1.034,1.073) 0.089 1.053 
 
Beam Hot 0.010 (0.004,0.017) 0.029 1.078 (1.042,1.114) 0.165 1.077 
 
Beam Cold 0.007 (0.002,0.013) 0.025 1.058 (1.026,1.09) 0.145 1.057 
Diameter*Nut 
       
 
M6 Flange 0.003 (-0.002,0.007) 0.026 1.019 (0.997,1.041) 0.124 1.019 
 
M6 Weld 0.008 (0.005,0.011) 0.018 1.047 (1.029,1.066) 0.102 1.047 
 
M8 Flange 0.002 (0,0.005) 0.014 1.022 (1.007,1.037) 0.084 1.021 
 
M8 Weld 0.019 (0.016,0.022) 0.017 1.141 (1.118,1.163) 0.126 1.141 
Diameter*Plate 
       
 
M6 Hot 0.005 (0.001,0.01) 0.023 1.033 (1.014,1.053) 0.110 1.033 
 
M6 Cold 0.005 (0.001,0.009) 0.022 1.033 (1.012,1.055) 0.118 1.033 
 
M8 Hot 0.011 (0.008,0.015) 0.019 1.088 (1.064,1.112) 0.132 1.087 
 
M8 Cold 0.010 (0.007,0.013) 0.017 1.076 (1.056,1.096) 0.113 1.075 
Nut*Plate 
       
 
Flange Hot 0.004 (-0.001,0.008) 0.024 1.025 (1.004,1.046) 0.115 1.025 
 
Flange Cold 0.001 (-0.002,0.005) 0.018 1.016 (0.999,1.033) 0.096 1.016 
 
Weld Hot 0.013 (0.01,0.016) 0.017 1.095 (1.073,1.117) 0.123 1.095 




         
Terms 
K1 - K2 Translated K1 / K2 Translated 
Mean 












       
 
DC M6 Flange -0.001 (-0.006,0.004) 0.016 0.996 (0.972,1.02) 0.078 0.996 
 
DC M6 Weld 0.005 (0,0.009) 0.014 1.030 (1.008,1.052) 0.072 1.030 
 
DC M8 Flange 0.004 (-0.001,0.009) 0.016 1.031 (1.001,1.061) 0.097 1.031 
 
DC M8 Weld 0.017 (0.013,0.022) 0.014 1.143 (1.107,1.179) 0.116 1.143 
 
Pulse M6 Flange 0.014 (0.006,0.022) 0.025 1.079 (1.039,1.12) 0.130 1.079 
 
Pulse M6 Weld 0.008 (0.003,0.013) 0.016 1.045 (1.019,1.072) 0.085 1.045 
 
Pulse M8 Flange 0.008 (0.005,0.011) 0.009 1.053 (1.034,1.073) 0.063 1.053 
 
Pulse M8 Weld 0.005 (0.003,0.008) 0.009 1.041 (1.019,1.062) 0.070 1.041 
 
Beam M6 Flange -0.005 (-0.015,0.005) 0.032 0.982 (0.941,1.024) 0.134 0.982 
 
Beam M6 Weld 0.011 (0.004,0.018) 0.023 1.067 (1.025,1.109) 0.136 1.067 
 
Beam M8 Flange -0.005 (-0.009,0) 0.014 0.979 (0.956,1.002) 0.072 0.979 
 
Beam M8 Weld 0.034 (0.03,0.038) 0.013 1.238 (1.207,1.27) 0.102 1.238 
Tool*Diameter*Plate 
       
 
DC M6 Hot 0.003 (-0.001,0.007) 0.014 1.020 (0.997,1.043) 0.073 1.020 
 
DC M6 Cold 0.000 (-0.005,0.005) 0.016 1.006 (0.982,1.031) 0.080 1.006 
 
DC M8 Hot 0.009 (0.004,0.014) 0.015 1.076 (1.039,1.113) 0.118 1.074 
 
DC M8 Cold 0.013 (0.007,0.018) 0.017 1.100 (1.062,1.138) 0.122 1.100 
 
Pulse M6 Hot 0.011 (0.004,0.018) 0.023 1.061 (1.024,1.097) 0.117 1.061 
 
Pulse M6 Cold 0.011 (0.005,0.017) 0.020 1.064 (1.031,1.097) 0.105 1.064 
 
Pulse M8 Hot 0.007 (0.004,0.01) 0.009 1.052 (1.031,1.072) 0.065 1.052 
 
Pulse M8 Cold 0.006 (0.003,0.009) 0.009 1.042 (1.021,1.063) 0.068 1.042 
 
Beam M6 Hot 0.003 (-0.007,0.012) 0.029 1.019 (0.979,1.059) 0.129 1.019 
 
Beam M6 Cold 0.003 (-0.005,0.012) 0.028 1.030 (0.983,1.077) 0.153 1.030 
 
Beam M8 Hot 0.018 (0.01,0.027) 0.026 1.138 (1.083,1.193) 0.176 1.134 
 
Beam M8 Cold 0.011 (0.005,0.018) 0.021 1.086 (1.044,1.128) 0.133 1.083 
Tool*Nut*Plate 
       
 
DC Flange Hot 0.000 (-0.005,0.004) 0.015 1.001 (0.976,1.025) 0.079 1.001 
 
DC Flange Cold 0.012 (0.008,0.016) 0.012 1.093 (1.062,1.125) 0.101 1.026 
 
DC Weld Hot 0.003 (-0.002,0.008) 0.017 1.026 (0.996,1.056) 0.097 1.093 
 
DC Weld Cold 0.010 (0.005,0.015) 0.018 1.080 (1.042,1.118) 0.122 1.080 
 
Pulse Flange Hot 0.013 (0.007,0.02) 0.021 1.078 (1.044,1.112) 0.109 1.078 
 
Pulse Flange Cold 0.005 (0.001,0.009) 0.012 1.035 (1.012,1.057) 0.072 1.055 
 
Pulse Weld Hot 0.009 (0.004,0.014) 0.017 1.055 (1.026,1.084) 0.095 1.035 
 
Pulse Weld Cold 0.008 (0.004,0.013) 0.014 1.051 (1.026,1.077) 0.083 1.051 
 
Beam Flange Hot -0.002 (-0.011,0.008) 0.031 0.996 (0.953,1.038) 0.134 0.995 
 
Beam Flange Cold 0.022 (0.016,0.029) 0.021 1.158 (1.111,1.205) 0.153 0.966 
 
Beam Weld Hot -0.008 (-0.013,-0.003) 0.017 0.966 (0.943,0.988) 0.072 1.158 
 
Beam Weld Cold 0.022 (0.015,0.03) 0.023 1.147 (1.103,1.192) 0.144 1.147 
Diameter*Nut*Plate 
       
 
M6 Flange Hot 0.005 (-0.003,0.013) 0.031 1.031 (0.995,1.067) 0.142 1.031 
 
M6 Flange Cold 0.000 (-0.005,0.006) 0.021 1.008 (0.982,1.034) 0.102 1.008 
 
M6 Weld Hot 0.006 (0.003,0.009) 0.011 1.036 (1.02,1.052) 0.064 1.036 
 
M6 Weld Cold 0.010 (0.004,0.016) 0.023 1.059 (1.026,1.091) 0.128 1.059 
 
M8 Flange Hot 0.002 (-0.001,0.006) 0.013 1.020 (0.999,1.04) 0.079 1.019 
 




M8 Weld Hot 0.020 (0.016,0.025) 0.019 1.154 (1.119,1.19) 0.139 1.154 
  M8 Weld Cold 0.017 (0.014,0.021) 0.015 1.127 (1.099,1.155) 0.111 1.127 
         
Terms 
K1 - K2 Translated K1 / K2 Translated 
Mean 












      
 
DC M6 Flange Hot -0.001 (-0.009,0.006) 0.018 0.995 (0.956,1.035) 0.090 0.995 
 
DC M6 Flange Cold -0.001 (-0.007,0.005) 0.014 0.997 (0.968,1.026) 0.067 0.997 
 
DC M6 Weld Hot 0.007 (0.005,0.01) 0.007 1.045 (1.028,1.063) 0.040 1.045 
 
DC M6 Weld Cold 0.002 (-0.006,0.01) 0.018 1.015 (0.975,1.056) 0.092 1.015 
 
DC M8 Flange Hot 0.001 (-0.005,0.006) 0.012 1.006 (0.976,1.036) 0.067 1.007 
 
DC M8 Flange Cold 0.007 (-0.001,0.016) 0.019 1.055 (1.005,1.105) 0.115 1.055 
 
DC M8 Weld Hot 0.017 (0.01,0.023) 0.014 1.142 (1.089,1.194) 0.120 1.142 
 
DC M8 Weld Cold 0.018 (0.012,0.024) 0.014 1.145 (1.094,1.195) 0.115 1.145 
 
Pulse M6 Flange Hot 0.017 (0.005,0.029) 0.028 1.093 (1.032,1.153) 0.137 1.093 
 
Pulse M6 Flange Cold 0.011 (0.001,0.021) 0.023 1.066 (1.011,1.121) 0.125 1.066 
 
Pulse M6 Weld Hot 0.005 (-0.002,0.012) 0.016 1.029 (0.992,1.065) 0.084 1.029 
 
Pulse M6 Weld Cold 0.011 (0.004,0.018) 0.016 1.062 (1.025,1.099) 0.085 1.062 
 
Pulse M8 Flange Hot 0.009 (0.004,0.014) 0.010 1.063 (1.032,1.094) 0.071 1.063 
 
Pulse M8 Flange Cold 0.007 (0.003,0.01) 0.008 1.044 (1.021,1.067) 0.053 1.044 
 
Pulse M8 Weld Hot 0.005 (0.002,0.009) 0.008 1.040 (1.015,1.066) 0.059 1.040 
 
Pulse M8 Weld Cold 0.005 (0.001,0.01) 0.011 1.041 (1.005,1.076) 0.081 1.041 
 
Beam M6 Flange Hot 0.000 (-0.018,0.018) 0.041 1.004 (0.928,1.079) 0.173 1.004 
 
Beam M6 Flange Cold -0.009 (-0.018,-0.001) 0.020 0.961 (0.926,0.996) 0.080 0.961 
 
Beam M6 Weld Hot 0.005 (0.001,0.01) 0.010 1.034 (1.007,1.062) 0.063 1.034 
 
Beam M6 Weld Cold 0.016 (0.003,0.029) 0.030 1.099 (1.021,1.177) 0.178 1.099 
 
Beam M8 Flange Hot -0.003 (-0.01,0.004) 0.016 0.987 (0.951,1.023) 0.081 0.987 
 
Beam M8 Flange Cold -0.007 (-0.013,-0.001) 0.013 0.971 (0.942,0.999) 0.063 0.971 
 
Beam M8 Weld Hot 0.039 (0.033,0.045) 0.014 1.281 (1.234,1.329) 0.108 1.281 





Appendix K: Table of Coefficients for Inv K1 Translated 
 
Table K.1.  
Table of Coefficients for Inv K1 Translated. 
Term Coef SE Coef 95% CI T-Value p-value VIF 
 
Constant 5.7289 0.0291 ( 5.6717,  5.7862) 196.59 0 
 Blocks 
      
 
1 0.123 0.127 ( -0.126,   0.372) 0.97 0.332 * 
 
2 0.017 0.127 ( -0.232,   0.265) 0.13 0.896 * 
 
3 -0.122 0.127 ( -0.370,   0.127) -0.96 0.338 * 
 
4 0.092 0.127 ( -0.157,   0.341) 0.73 0.467 * 
 
5 0.103 0.127 ( -0.146,   0.351) 0.81 0.418 * 
 
6 0.272 0.127 (  0.023,   0.521) 2.15 0.032 * 
 
7 -0.025 0.127 ( -0.274,   0.224) -0.2 0.843 * 
 
8 -0.002 0.132 ( -0.262,   0.258) -0.02 0.986 * 
 
9 -0.281 0.127 ( -0.530,  -0.032) -2.22 0.027 * 
 
10 -0.41 0.127 ( -0.659,  -0.161) -3.24 0.001 * 
 
11 0.166 0.127 ( -0.083,   0.414) 1.31 0.191 * 
 
12 0.056 0.127 ( -0.193,   0.305) 0.44 0.658 * 
 
13 0.099 0.127 ( -0.149,   0.348) 0.79 0.433 * 
 
14 0.002 0.127 ( -0.247,   0.251) 0.01 0.989 * 
 
15 -0.236 0.127 ( -0.485,   0.013) -1.87 0.063 * 
 
16 0.117 0.127 ( -0.132,   0.366) 0.92 0.357 * 
 
17 0.107 0.129 ( -0.147,   0.361) 0.83 0.409 * 
 
18 -0.01 0.127 ( -0.259,   0.239) -0.08 0.937 * 
 
19 -0.149 0.127 ( -0.397,   0.100) -1.17 0.241 * 
 
20 0.082 0.127 ( -0.167,   0.331) 0.65 0.518 * 
Tool 
      
 
DC 0.2156 0.0412 ( 0.1346,  0.2966) 5.23 0 1.33 
 
Pulse 0.2542 0.0411 ( 0.1733,  0.3350) 6.18 0 1.33 
 
Beam -0.4698 0.0413 (-0.5509, -0.3886) -11.38 0 * 
Diameter 
      
 
M6 -0.532 0.0291 (-0.5893, -0.4747) -18.26 0 1 
 
M8 0.532 0.0291 ( 0.4747,  0.5893) 18.26 0 * 
Nut 
      
 
Flange -0.3366 0.0291 (-0.3939, -0.2793) -11.55 0 1 
 
Weld 0.3366 0.0291 ( 0.2793,  0.3939) 11.55 0 * 
Plate 
      
 
Hot 0.1361 0.0291 ( 0.0788,  0.1934) 4.67 0 1 
 
Cold -0.1361 0.0291 (-0.1934, -0.0788) -4.67 0 * 
Tool*Diameter 
      
 
DC M6 -0.0637 0.0412 (-0.1447,  0.0173) -1.55 0.123 1.33 
 
DC M8 0.0637 0.0412 (-0.0173,  0.1447) 1.55 0.123 * 
 
Pulse M6 -0.3664 0.0411 (-0.4472, -0.2855) -8.9 0 1.33 
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Term Coef SE Coef 95% CI T-Value p-value VIF 
 
Pulse M8 0.3664 0.0411 ( 0.2855,  0.4472) 8.9 0 * 
 
Beam M6 0.4301 0.0413 ( 0.3489,  0.5112) 10.42 0 * 
 
Beam M8 -0.4301 0.0413 (-0.5112, -0.3489) -10.42 0 * 
Tool*Nut 
      
 
DC Flange -0.0027 0.0412 (-0.0837,  0.0783) -0.07 0.947 1.33 
 
DC Weld 0.0027 0.0412 (-0.0783,  0.0837) 0.07 0.947 * 
 
Pulse Flange 0.0467 0.0411 (-0.0342,  0.1275) 1.13 0.257 1.33 
 
Pulse Weld -0.0467 0.0411 (-0.1275,  0.0342) -1.13 0.257 * 
 
Beam Flange -0.0439 0.0413 (-0.1251,  0.0372) -1.06 0.288 * 
 
Beam Weld 0.0439 0.0413 (-0.0372,  0.1251) 1.06 0.288 * 
Tool*Plate 
      
 
DC Hot 0.0533 0.0412 (-0.0277,  0.1343) 1.29 0.196 1.33 
 
DC Cold -0.0533 0.0412 (-0.1343,  0.0277) -1.29 0.196 * 
 
Pulse Hot -0.0306 0.0411 (-0.1114,  0.0503) -0.74 0.458 1.33 
 
Pulse Cold 0.0306 0.0411 (-0.0503,  0.1114) 0.74 0.458 * 
 
Beam Hot -0.0228 0.0413 (-0.1039,  0.0583) -0.55 0.581 * 
 
Beam Cold 0.0228 0.0413 (-0.0583,  0.1039) 0.55 0.581 * 
Diameter*Nut 
      
 
M6 Flange 0.0995 0.0291 ( 0.0422,  0.1568) 3.41 0.001 1 
 
M6 Weld -0.0995 0.0291 (-0.1568, -0.0422) -3.41 0.001 * 
 
M8 Flange -0.0995 0.0291 (-0.1568, -0.0422) -3.41 0.001 * 
 
M8 Weld 0.0995 0.0291 ( 0.0422,  0.1568) 3.41 0.001 * 
Diameter*Plate 
      
 
M6 Hot 0.0638 0.0291 ( 0.0065,  0.1211) 2.19 0.029 1 
 
M6 Cold -0.0638 0.0291 (-0.1211, -0.0065) -2.19 0.029 * 
 
M8 Hot -0.0638 0.0291 (-0.1211, -0.0065) -2.19 0.029 * 
 
M8 Cold 0.0638 0.0291 ( 0.0065,  0.1211) 2.19 0.029 * 
Nut*Plate 
      
 
Flange Hot -0.0554 0.0291 (-0.1127,  0.0019) -1.9 0.058 1 
 
Flange Cold 0.0554 0.0291 (-0.0019,  0.1127) 1.9 0.058 * 
 
Weld Hot 0.0554 0.0291 (-0.0019,  0.1127) 1.9 0.058 * 
 
Weld Cold -0.0554 0.0291 (-0.1127,  0.0019) -1.9 0.058 * 
Tool*Diameter*Nut 
      
 
DC M6 Flange 0.0953 0.0412 ( 0.0143,  0.1763) 2.31 0.021 1.33 
 
DC M6 Weld -0.0953 0.0412 (-0.1763, -0.0143) -2.31 0.021 * 
 
DC M8 Flange -0.0953 0.0412 (-0.1763, -0.0143) -2.31 0.021 * 
 
DC M8 Weld 0.0953 0.0412 ( 0.0143,  0.1763) 2.31 0.021 * 
 
Pulse M6 Flange 0.0711 0.0411 (-0.0098,  0.1519) 1.73 0.085 1.33 
 
Pulse M6 Weld -0.0711 0.0411 (-0.1519,  0.0098) -1.73 0.085 * 
 
Pulse M8 Flange -0.0711 0.0411 (-0.1519,  0.0098) -1.73 0.085 * 
 
Pulse M8 Weld 0.0711 0.0411 (-0.0098,  0.1519) 1.73 0.085 * 
 
Beam M6 Flange -0.1664 0.0413 (-0.2475, -0.0852) -4.03 0 * 
 
Beam M6 Weld 0.1664 0.0413 ( 0.0852,  0.2475) 4.03 0 * 
 
Beam M8 Flange 0.1664 0.0413 ( 0.0852,  0.2475) 4.03 0 * 
 
Beam M8 Weld -0.1664 0.0413 (-0.2475, -0.0852) -4.03 0 * 
Tool*Diameter*Plate 
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Term Coef SE Coef 95% CI T-Value p-value VIF 
 
DC M6 Hot 0.0111 0.0412 (-0.0699,  0.0921) 0.27 0.788 1.33 
 
DC M6 Cold -0.0111 0.0412 (-0.0921,  0.0699) -0.27 0.788 * 
 
DC M8 Hot -0.0111 0.0412 (-0.0921,  0.0699) -0.27 0.788 * 
 
DC M8 Cold 0.0111 0.0412 (-0.0699,  0.0921) 0.27 0.788 * 
 
Pulse M6 Hot -0.0599 0.0411 (-0.1407,  0.0210) -1.46 0.146 1.33 
 
Pulse M6 Cold 0.0599 0.0411 (-0.0210,  0.1407) 1.46 0.146 * 
 
Pulse M8 Hot 0.0599 0.0411 (-0.0210,  0.1407) 1.46 0.146 * 
 
Pulse M8 Cold -0.0599 0.0411 (-0.1407,  0.0210) -1.46 0.146 * 
 
Beam M6 Hot 0.0488 0.0413 (-0.0323,  0.1299) 1.18 0.238 * 
 
Beam M6 Cold -0.0488 0.0413 (-0.1299,  0.0323) -1.18 0.238 * 
 
Beam M8 Hot -0.0488 0.0413 (-0.1299,  0.0323) -1.18 0.238 * 
 
Beam M8 Cold 0.0488 0.0413 (-0.0323,  0.1299) 1.18 0.238 * 
Tool*Nut*Plate 
      
 
DC Flange Hot -0.0401 0.0412 (-0.1211,  0.0409) -0.97 0.332 1.33 
 
DC Flange Cold 0.0401 0.0412 (-0.0409,  0.1211) 0.97 0.332 * 
 
DC Weld Hot 0.0401 0.0412 (-0.0409,  0.1211) 0.97 0.332 * 
 
DC Weld Cold -0.0401 0.0412 (-0.1211,  0.0409) -0.97 0.332 * 
 
Pulse Flange Hot 0.0451 0.0411 (-0.0357,  0.1260) 1.1 0.273 1.33 
 
Pulse Flange Cold -0.0451 0.0411 (-0.1260,  0.0357) -1.1 0.273 * 
 
Pulse Weld Hot -0.0451 0.0411 (-0.1260,  0.0357) -1.1 0.273 * 
 
Pulse Weld Cold 0.0451 0.0411 (-0.0357,  0.1260) 1.1 0.273 * 
 
Beam Flange Hot -0.0051 0.0413 (-0.0862,  0.0760) -0.12 0.902 * 
 
Beam Flange Cold 0.0051 0.0413 (-0.0760,  0.0862) 0.12 0.902 * 
 
Beam Weld Hot 0.0051 0.0413 (-0.0760,  0.0862) 0.12 0.902 * 
 
Beam Weld Cold -0.0051 0.0413 (-0.0862,  0.0760) -0.12 0.902 * 
Diameter*Nut*Plate 
      
 
M6 Flange Hot -0.0373 0.0291 (-0.0946,  0.0199) -1.28 0.201 1 
 
M6 Flange Cold 0.0373 0.0291 (-0.0199,  0.0946) 1.28 0.201 * 
 
M6 Weld Hot 0.0373 0.0291 (-0.0199,  0.0946) 1.28 0.201 * 
 
M6 Weld Cold -0.0373 0.0291 (-0.0946,  0.0199) -1.28 0.201 * 
 
M8 Flange Hot 0.0373 0.0291 (-0.0199,  0.0946) 1.28 0.201 * 
 
M8 Flange Cold -0.0373 0.0291 (-0.0946,  0.0199) -1.28 0.201 * 
 
M8 Weld Hot -0.0373 0.0291 (-0.0946,  0.0199) -1.28 0.201 * 
 
M8 Weld Cold 0.0373 0.0291 (-0.0199,  0.0946) 1.28 0.201 * 
Tool*Diameter*Nut*Plate 
      
 
DC M6 Flange Hot 0.1324 0.0412 ( 0.0514,  0.2134) 3.21 0.001 1.33 
 
DC M6 Flange Cold -0.1324 0.0412 (-0.2134, -0.0514) -3.21 0.001 * 
 
DC M6 Weld Hot -0.1324 0.0412 (-0.2134, -0.0514) -3.21 0.001 * 
 
DC M6 Weld Cold 0.1324 0.0412 ( 0.0514,  0.2134) 3.21 0.001 * 
 
DC M8 Flange Hot -0.1324 0.0412 (-0.2134, -0.0514) -3.21 0.001 * 
 
DC M8 Flange Cold 0.1324 0.0412 ( 0.0514,  0.2134) 3.21 0.001 * 
 
DC M8 Weld Hot 0.1324 0.0412 ( 0.0514,  0.2134) 3.21 0.001 * 
 
DC M8 Weld Cold -0.1324 0.0412 (-0.2134, -0.0514) -3.21 0.001 * 
 
Pulse M6 Flange Hot -0.0366 0.0411 (-0.1175,  0.0442) -0.89 0.373 1.33 
 
Pulse M6 Flange Cold 0.0366 0.0411 (-0.0442,  0.1175) 0.89 0.373 * 
 
Pulse M6 Weld Hot 0.0366 0.0411 (-0.0442,  0.1175) 0.89 0.373 * 
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Term Coef SE Coef 95% CI T-Value p-value VIF 
 
Pulse M6 Weld Cold -0.0366 0.0411 (-0.1175,  0.0442) -0.89 0.373 * 
 
Pulse M8 Flange Hot 0.0366 0.0411 (-0.0442,  0.1175) 0.89 0.373 * 
 
Pulse M8 Flange Cold -0.0366 0.0411 (-0.1175,  0.0442) -0.89 0.373 * 
 
Pulse M8 Weld Hot -0.0366 0.0411 (-0.1175,  0.0442) -0.89 0.373 * 
 
Pulse M8 Weld Cold 0.0366 0.0411 (-0.0442,  0.1175) 0.89 0.373 * 
 
Beam M6 Flange Hot -0.0958 0.0413 (-0.1769, -0.0146) -2.32 0.021 * 
 
Beam M6 Flange Cold 0.0958 0.0413 ( 0.0146,  0.1769) 2.32 0.021 * 
 
Beam M6 Weld Hot 0.0958 0.0413 ( 0.0146,  0.1769) 2.32 0.021 * 
 
Beam M6 Weld Cold -0.0958 0.0413 (-0.1769, -0.0146) -2.32 0.021 * 
 
Beam M8 Flange Hot 0.0958 0.0413 ( 0.0146,  0.1769) 2.32 0.021 * 
 
Beam M8 Flange Cold -0.0958 0.0413 (-0.1769, -0.0146) -2.32 0.021 * 
 
Beam M8 Weld Hot -0.0958 0.0413 (-0.1769, -0.0146) -2.32 0.021 * 
  Beam M8 Weld Cold 0.0958 0.0413 ( 0.0146,  0.1769) 2.32 0.021 * 
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Appendix L: Table of Coefficients for K1 / K2 Translated 
 
Table L.1.  
Table of Coefficients for K1 / K2 Translated. 
Terms Coef SE Coef 95% CI T-Value p-value VIF 
 
Constant 1.05713 0.00456 ( 1.04817,  1.06610) 231.84 0 
 Blocks 
      
 
1 -0.0146 0.0198 ( -0.0535,   0.0243) -0.74 0.461 * 
 
2 -0.0263 0.0198 ( -0.0652,   0.0127) -1.33 0.186 * 
 
3 -0.0082 0.0198 ( -0.0471,   0.0308) -0.41 0.68 * 
 
4 0.002 0.0198 ( -0.0369,   0.0409) 0.1 0.92 * 
 
5 0.0164 0.0198 ( -0.0226,   0.0553) 0.83 0.409 * 
 
6 -0.0142 0.0198 ( -0.0531,   0.0247) -0.72 0.474 * 
 
7 0.0135 0.0198 ( -0.0254,   0.0525) 0.68 0.494 * 
 
8 -0.0007 0.0207 ( -0.0414,   0.0399) -0.03 0.972 * 
 
9 0.0324 0.0198 ( -0.0065,   0.0714) 1.64 0.102 * 
 
10 0.027 0.0198 ( -0.0119,   0.0659) 1.36 0.173 * 
 
11 0.0127 0.0198 ( -0.0262,   0.0516) 0.64 0.522 * 
 
12 -0.0122 0.0198 ( -0.0512,   0.0267) -0.62 0.537 * 
 
13 -0.0009 0.0198 ( -0.0398,   0.0380) -0.04 0.964 * 
 
14 -0.0238 0.0198 ( -0.0627,   0.0152) -1.2 0.231 * 
 
15 -0.0035 0.0198 ( -0.0424,   0.0354) -0.18 0.86 * 
 
16 -0.0074 0.0198 ( -0.0463,   0.0315) -0.37 0.709 * 
 
17 0.0183 0.0202 ( -0.0214,   0.0581) 0.91 0.365 * 
 
18 0.0027 0.0198 ( -0.0362,   0.0417) 0.14 0.89 * 
 
19 0.0087 0.0198 ( -0.0302,   0.0477) 0.44 0.66 * 
 
20 -0.0221 0.0198 ( -0.0611,   0.0168) -1.12 0.265 * 
Tool 
      
 
DC -0.00697 0.00645 (-0.01964,  0.00571) -1.08 0.28 1.33 
 
Pulse -0.00248 0.00644 (-0.01514,  0.01017) -0.39 0.7 1.33 
 
Beam 0.00945 0.00646 (-0.00325,  0.02215) 1.46 0.144 * 
Diameter 
      
 
M6 -0.0238 0.00456 (-0.03276, -0.01484) -5.22 0 1 
 
M8 0.0238 0.00456 ( 0.01484,  0.03276) 5.22 0 * 
Nut 
      
 
Flange -0.03695 0.00456 (-0.04591, -0.02799) -8.1 0 1 
 
Weld 0.03695 0.00456 ( 0.02799,  0.04591) 8.1 0 * 
Plate 
      
 
Hot 0.00287 0.00456 (-0.00609,  0.01183) 0.63 0.529 1 
 
Cold -0.00287 0.00456 (-0.01183,  0.00609) -0.63 0.529 * 
Tool*Diameter 
      
 
DC M6 -0.01317 0.00645 (-0.02584, -0.00049) -2.04 0.042 1.33 
 
DC M8 0.01317 0.00645 ( 0.00049,  0.02584) 2.04 0.042 * 
 
Pulse M6 0.03145 0.00644 ( 0.01880,  0.04410) 4.89 0 1.33 
 
Pulse M8 -0.03145 0.00644 (-0.04410, -0.01880) -4.89 0 * 
 
Beam M6 -0.01828 0.00646 (-0.03098, -0.00558) -2.83 0.005 * 
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Terms Coef SE Coef 95% CI T-Value p-value VIF 
 
Beam M8 0.01828 0.00646 ( 0.00558,  0.03098) 2.83 0.005 * 
Tool*Nut 
      
 
DC Flange 0.00037 0.00645 (-0.01230,  0.01305) 0.06 0.954 1.33 
 
DC Weld -0.00037 0.00645 (-0.01305,  0.01230) -0.06 0.954 * 
 
Pulse Flange 0.04862 0.00644 ( 0.03597,  0.06128) 7.55 0 1.33 
 
Pulse Weld -0.04862 0.00644 (-0.06128, -0.03597) -7.55 0 * 
 
Beam Flange -0.049 0.00646 (-0.06169, -0.03630) -7.58 0 * 
 
Beam Weld 0.049 0.00646 ( 0.03630,  0.06169) 7.58 0 * 
Tool*Plate 
      
 
DC Hot -0.00578 0.00645 (-0.01845,  0.00690) -0.9 0.371 1.33 
 
DC Cold 0.00578 0.00645 (-0.00690,  0.01845) 0.9 0.371 * 
 
Pulse Hot -0.00138 0.00644 (-0.01403,  0.01127) -0.21 0.831 1.33 
 
Pulse Cold 0.00138 0.00644 (-0.01127,  0.01403) 0.21 0.831 * 
 
Beam Hot 0.00715 0.00646 (-0.00554,  0.01985) 1.11 0.269 * 
 
Beam Cold -0.00715 0.00646 (-0.01985,  0.00554) -1.11 0.269 * 
Diameter*Nut 
      
 
M6 Flange 0.02286 0.00456 ( 0.01389,  0.03182) 5.01 0 1 
 
M6 Weld -0.02286 0.00456 (-0.03182, -0.01389) -5.01 0 * 
 
M8 Flange -0.02286 0.00456 (-0.03182, -0.01389) -5.01 0 * 
 
M8 Weld 0.02286 0.00456 ( 0.01389,  0.03182) 5.01 0 * 
Diameter*Plate 
      
 
M6 Hot -0.00291 0.00456 (-0.01187,  0.00605) -0.64 0.523 1 
 
M6 Cold 0.00291 0.00456 (-0.00605,  0.01187) 0.64 0.523 * 
 
M8 Hot 0.00291 0.00456 (-0.00605,  0.01187) 0.64 0.523 * 
 
M8 Cold -0.00291 0.00456 (-0.01187,  0.00605) -0.64 0.523 * 
Nut*Plate 
      
 
Flange Hot 0.00172 0.00456 (-0.00724,  0.01068) 0.38 0.706 1 
 
Flange Cold -0.00172 0.00456 (-0.01068,  0.00724) -0.38 0.706 * 
 
Weld Hot -0.00172 0.00456 (-0.01068,  0.00724) -0.38 0.706 * 
 
Weld Cold 0.00172 0.00456 (-0.00724,  0.01068) 0.38 0.706 * 
Tool*Diameter*Nut 
      
 
DC M6 Flange -0.00334 0.00645 (-0.01601,  0.00933) -0.52 0.605 1.33 
 
DC M6 Weld 0.00334 0.00645 (-0.00933,  0.01601) 0.52 0.605 * 
 
DC M8 Flange 0.00334 0.00645 (-0.00933,  0.01601) 0.52 0.605 * 
 
DC M8 Weld -0.00334 0.00645 (-0.01601,  0.00933) -0.52 0.605 * 
 
Pulse M6 Flange -0.01759 0.00644 (-0.03024, -0.00494) -2.73 0.007 1.33 
 
Pulse M6 Weld 0.01759 0.00644 ( 0.00494,  0.03024) 2.73 0.007 * 
 
Pulse M8 Flange 0.01759 0.00644 ( 0.00494,  0.03024) 2.73 0.007 * 
 
Pulse M8 Weld -0.01759 0.00644 (-0.03024, -0.00494) -2.73 0.007 * 
 
Beam M6 Flange 0.02093 0.00646 ( 0.00823,  0.03363) 3.24 0.001 * 
 
Beam M6 Weld -0.02093 0.00646 (-0.03363, -0.00823) -3.24 0.001 * 
 
Beam M8 Flange -0.02093 0.00646 (-0.03363, -0.00823) -3.24 0.001 * 
 
Beam M8 Weld 0.02093 0.00646 ( 0.00823,  0.03363) 3.24 0.001 * 
Tool*Diameter*Plate 
      
 
DC M6 Hot 0.01284 0.00645 ( 0.00017,  0.02551) 1.99 0.047 1.33 
 
DC M6 Cold -0.01284 0.00645 (-0.02551, -0.00017) -1.99 0.047 * 
 
DC M8 Hot -0.01284 0.00645 (-0.02551, -0.00017) -1.99 0.047 * 
 
DC M8 Cold 0.01284 0.00645 ( 0.00017,  0.02551) 1.99 0.047 * 
 
Pulse M6 Hot -0.00022 0.00644 (-0.01287,  0.01243) -0.03 0.972 1.33 
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Terms Coef SE Coef 95% CI T-Value p-value VIF 
 
Pulse M6 Cold 0.00022 0.00644 (-0.01243,  0.01287) 0.03 0.972 * 
 
Pulse M8 Hot 0.00022 0.00644 (-0.01243,  0.01287) 0.03 0.972 * 
 
Pulse M8 Cold -0.00022 0.00644 (-0.01287,  0.01243) -0.03 0.972 * 
 
Beam M6 Hot -0.01262 0.00646 (-0.02531,  0.00007) -1.95 0.051 * 
 
Beam M6 Cold 0.01262 0.00646 (-0.00007,  0.02531) 1.95 0.051 * 
 
Beam M8 Hot 0.01262 0.00646 (-0.00007,  0.02531) 1.95 0.051 * 
 
Beam M8 Cold -0.01262 0.00646 (-0.02531,  0.00007) -1.95 0.051 * 
Tool*Nut*Plate 
      
 
DC Flange Hot -0.01127 0.00645 (-0.02394,  0.00140) -1.75 0.081 1.33 
 
DC Flange Cold 0.01127 0.00645 (-0.00140,  0.02394) 1.75 0.081 * 
 
DC Weld Hot 0.01127 0.00645 (-0.00140,  0.02394) 1.75 0.081 * 
 
DC Weld Cold -0.01127 0.00645 (-0.02394,  0.00140) -1.75 0.081 * 
 
Pulse Flange Hot 0.00824 0.00644 (-0.00441,  0.02089) 1.28 0.201 1.33 
 
Pulse Flange Cold -0.00824 0.00644 (-0.02089,  0.00441) -1.28 0.201 * 
 
Pulse Weld Hot -0.00824 0.00644 (-0.02089,  0.00441) -1.28 0.201 * 
 
Pulse Weld Cold 0.00824 0.00644 (-0.00441,  0.02089) 1.28 0.201 * 
 
Beam Flange Hot 0.00303 0.00646 (-0.00966,  0.01572) 0.47 0.639 * 
 
Beam Flange Cold -0.00303 0.00646 (-0.01572,  0.00966) -0.47 0.639 * 
 
Beam Weld Hot -0.00303 0.00646 (-0.01572,  0.00966) -0.47 0.639 * 
 
Beam Weld Cold 0.00303 0.00646 (-0.00966,  0.01572) 0.47 0.639 * 
Diameter*Nut*Plate 
      
 
M6 Flange Hot 0.00963 0.00456 ( 0.00067,  0.01859) 2.11 0.035 1 
 
M6 Flange Cold -0.00963 0.00456 (-0.01859, -0.00067) -2.11 0.035 * 
 
M6 Weld Hot -0.00963 0.00456 (-0.01859, -0.00067) -2.11 0.035 * 
 
M6 Weld Cold 0.00963 0.00456 ( 0.00067,  0.01859) 2.11 0.035 * 
 
M8 Flange Hot -0.00963 0.00456 (-0.01859, -0.00067) -2.11 0.035 * 
 
M8 Flange Cold 0.00963 0.00456 ( 0.00067,  0.01859) 2.11 0.035 * 
 
M8 Weld Hot 0.00963 0.00456 ( 0.00067,  0.01859) 2.11 0.035 * 
 
M8 Weld Cold -0.00963 0.00456 (-0.01859, -0.00067) -2.11 0.035 * 
Tool*Diameter*Nut*Plate 
      
 
DC M6 Flange Hot -0.00796 0.00645 (-0.02063,  0.00471) -1.23 0.218 1.33 
 
DC M6 Flange Cold 0.00796 0.00645 (-0.00471,  0.02063) 1.23 0.218 * 
 
DC M6 Weld Hot 0.00796 0.00645 (-0.00471,  0.02063) 1.23 0.218 * 
 
DC M6 Weld Cold -0.00796 0.00645 (-0.02063,  0.00471) -1.23 0.218 * 
 
DC M8 Flange Hot 0.00796 0.00645 (-0.00471,  0.02063) 1.23 0.218 * 
 
DC M8 Flange Cold -0.00796 0.00645 (-0.02063,  0.00471) -1.23 0.218 * 
 
DC M8 Weld Hot -0.00796 0.00645 (-0.02063,  0.00471) -1.23 0.218 * 
 
DC M8 Weld Cold 0.00796 0.00645 (-0.00471,  0.02063) 1.23 0.218 * 
 
Pulse M6 Flange Hot -0.00463 0.00644 (-0.01728,  0.00802) -0.72 0.472 1.33 
 
Pulse M6 Flange Cold 0.00463 0.00644 (-0.00802,  0.01728) 0.72 0.472 * 
 
Pulse M6 Weld Hot 0.00463 0.00644 (-0.00802,  0.01728) 0.72 0.472 * 
 
Pulse M6 Weld Cold -0.00463 0.00644 (-0.01728,  0.00802) -0.72 0.472 * 
 
Pulse M8 Flange Hot 0.00463 0.00644 (-0.00802,  0.01728) 0.72 0.472 * 
 
Pulse M8 Flange Cold -0.00463 0.00644 (-0.01728,  0.00802) -0.72 0.472 * 
 
Pulse M8 Weld Hot -0.00463 0.00644 (-0.01728,  0.00802) -0.72 0.472 * 
 
Pulse M8 Weld Cold 0.00463 0.00644 (-0.00802,  0.01728) 0.72 0.472 * 
 
Beam M6 Flange Hot 0.01259 0.00646 (-0.00011,  0.02528) 1.95 0.052 * 
 
Beam M6 Flange Cold -0.01259 0.00646 (-0.02528,  0.00011) -1.95 0.052 * 
 
Beam M6 Weld Hot -0.01259 0.00646 (-0.02528,  0.00011) -1.95 0.052 * 
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Beam M6 Weld Cold 0.01259 0.00646 (-0.00011,  0.02528) 1.95 0.052 * 
 
Beam M8 Flange Hot -0.01259 0.00646 (-0.02528,  0.00011) -1.95 0.052 * 
 
Beam M8 Flange Cold 0.01259 0.00646 (-0.00011,  0.02528) 1.95 0.052 * 
 
Beam M8 Weld Hot 0.01259 0.00646 (-0.00011,  0.02528) 1.95 0.052 * 





Appendix M: Table of Test of Equal Variances on K1 Translated 
 
Table M.1.  
Table of Test of Equal Variances on K1 Translated. 
Tool Diameter Nut Plate N StDev CI 
DC M6 Flange Hot 20 0.0208565 (0.0076246, 0.067429) 
DC M6 Flange Cold 20 0.0266395 (0.0139168, 0.060269) 
DC M6 Weld Hot 20 0.0121425 (0.0059012, 0.029530) 
DC M6 Weld Cold 20 0.0204058 (0.0110567, 0.044511) 
DC M8 Flange Hot 19 0.0222558 (0.0139261, 0.042444) 
DC M8 Flange Cold 20 0.0209151 (0.0126025, 0.041025) 
DC M8 Weld Hot 20 0.0183809 (0.0084523, 0.047243) 
DC M8 Weld Cold 20 0.0151744 (0.0093794, 0.029015) 
Pulse M6 Flange Hot 20 0.0322453 (0.0138626, 0.088648) 
Pulse M6 Flange Cold 20 0.0204488 (0.0125642, 0.039335) 
Pulse M6 Weld Hot 20 0.0167473 (0.0060371, 0.054909) 
Pulse M6 Weld Cold 20 0.0183732 (0.0099342, 0.040163) 
Pulse M8 Flange Hot 20 0.0175251 (0.0116060, 0.031277) 
Pulse M8 Flange Cold 20 0.0128202 (0.0078392, 0.024780) 
Pulse M8 Weld Hot 20 0.0136403 (0.0065678, 0.033482) 
Pulse M8 Weld Cold 20 0.0136075 (0.0094577, 0.023139) 
Beam M6 Flange Hot 20 0.0541267 (0.0273651, 0.126534) 
Beam M6 Flange Cold 20 0.0326716 (0.0237351, 0.053153) 
Beam M6 Weld Hot 20 0.0124466 (0.0075672, 0.024196) 
Beam M6 Weld Cold 20 0.0290639 (0.0106286, 0.093932) 
Beam M8 Flange Hot 19 0.0148976 (0.0080141, 0.033047) 
Beam M8 Flange Cold 19 0.0167839 (0.0107619, 0.031236) 
Beam M8 Weld Hot 20 0.0224001 (0.0149371, 0.039702) 
Beam M8 Weld Cold 20 0.0237468 (0.0163713, 0.040710) 
       Individual confidence level = 99.7917% 
   
       Method Test Statistics p-value 
  Multiple comparisons --- 0.001 
  Levene   4.14 0 
   
